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(Excerpt] Chapter 2. Zonation and Correlation of Producing Sections

The Zonation and Correlation of Sections of Terrigenous Deposits from
Core and Geophysical Field Data

The zonation and correlation of well profiles are among the most urgent

problems being solved by methods of oil field geology. On the precision
of reservolr correlation will depend the sclentific selection of objects
to be operated and the rational system of working the pools.

In the direct study of continuous core columns the correlation of any
complex geological section is facilitated somewhat. Determination of the
micro- and macrofauna and of the mineralogical composition, granulometric
analysis, the study of clay minerals, etc, are possible in that case., But
most otften the oil fleld geologist has available only a very small number
of cores or no cores at all, In such cases geological miterials acquire

a decisive role in correlation,

As 1s known, sections of terrigenous producing formations of such large de-
posits as the Tuymazinskoye, Romashkinskoye, etc, were zoned with the use
of general methods. But the zonation of the terrigenous formation of the
Lower Carboniferous period of Bashkiriya, as well as of other oil-bearing
rayons of Volgo-Ural'skaya Oblast, by means of widely used methods is an
extremely complicated matter, The difficulty of the given problem is ex-
plained by the fact that the formation has very sharp variations of thick-
. ness (from O to 200 m), different stratigraphic volumes, different litho-
logical composition, a sharply expressed lithological variability of close
sections, etc.

Thus, for the territory of Bashkiriya, for example, at the present time there
are up to 10 different types of terrigenous sections. With the generally
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adopted method of correlating deposits only on the basis of sandy-siltstone
rocks the goal is not always achleved, since those sediments, in view of
their single-mineral (quartz) composition and thelr being well sorted out,
took very uniform in any part of the sectlon and often taper out In a short

- distance, As a result of that correlation the zonatlon of some of the same
sections by different researchers looks different [27,28].

To correlate terrigenous sections of Lower Carbonifernus deposits we have

compared the bands of argillites and and strongly clayey silcstones that

separate producing reservoirs [5,38]. Those bands are traced with great

constancy in the deposits under consideration and, as is very important for
- oil field practice, are depicted well on dlagrams of the geophysical comples

and especially distinctly on cavernograms. In addition, due to their dis- .

perseness, clayey rocks have a large variety of properties and features

characteristic of rocks of a source area and a sedimentation base are pre-

served better in them, and even when thicknesses are small they persist

more along the strike within certain reglons. An example of the use of

such a method of correlation in studying the multireservoir Arlanskoye

deposit 1s described below (Figure 1).

In that region, to substantlate certain logging data, a complete litho-
logical mineralogical study was made of the argillites in sections in which
the core removal was falrly high (80-90 percent)s A very varied and com-
plete group of physical methods of investigation was used to characterize
the argillites. Beslides detailed macro- and microdescription of the sam-
ples, chemical, X-ray structure (diffractometric and Debye methods), spectrum
and other analyses were carried out, Detailed analysis of the mineralogical
composition of the argillites and clayey siltstones, and also consideration
= of the accompanying non-clayey minerals and the character and quantity of
the fauna permitted breaking down the secticn of the terrigenous formation
- into a serles of alternating bands of clayey rocks and producing reservoirs,
The characteristics of the argillites were established: the predominant
mineral composition and textural, structural and other specific features,

In accordance with the predominance of given clay minerals in sections of
the terrigenous formation of the Lower Carboniferous period of the platform
part of Bashkiriya, different types of clayey rocks (argillites and clayey
siltstones) are distinguished, The most widespread, both over the section
and over the area, are rocks with hydromicaceous association; kaolinitic
rocks are traced in a narrow interval of the section. Such a confinement .
of various clayey rocks to individual parts of the section permitted dis-
tinguishing several mineralogical zones, tracing them on the studied terri-

tory and comparing sections both within an individual area and between dif-

ferent reglons.

The terrigenous formation of the Lower Carboniferous of northwestern Bash-
kiriya is included between the carbonate deposits of the Turneyskiy stage

and the Tul'skly horizon and embraces the Yelkhovskiy, Radayevskiy, Bobri-
kovskiy and Tul'skiy horizons.
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. Figure 1. Summary lithological.geophysical section of a terri-

genous formation of the Lower Carboniferous period of the

Arlanskoye oil deposit

~~ sandstone 9 -- calcareous, dolomitization
-- siltstones 10 -- silicification 18 --
-- arglillites 11 -- coals

-- light-gray kaolinitic argillite 12 -- siderite 19 --
-- marl 13 -~ iron oxides 20 -~
-- limestones 14 -~ phosphorite

dolomites 15 -- zeolite K ==
-- anhydrites, gypsums 16 -- oolitic fourmations M--
-- system E -- suprahorizon I--
-- series F ~- horizon M -

-- stage G -- bed I - lithological
-- substage H -- depth, m column
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The Yelkhovskly horizon is formed of argillites and strongly clayey, often
limestone silts. The mineralogical composition of the argillites and clayey
cement of silts is mainly hydromicaceous, rarely montmorillonite-hydromica-
ceous, The argillites are clearly deplicted by increase of amplitude of the
cavernogram, and also on the SP and GM [expansions unknown] curves, The
thickness of the Yelkhovskly horizon varies from 1 to 5 m,

The sediments of the Radayevskiy horizon (a siderite-kaolinite-hydromica-
ceous zone) are distributed over the entire territory of platform Bashkiriya.
The sandstones and siltstones of sections of that horizon are gray, more
rarely dark-gray, quartz, well sorted out, at times clayey, and calcareous.
The argillites of the horizon are of dark-gray color, finely dispersed or
silty, micaceous and sideritized. The argillites and clayey siltstones are
composed of a kaolinite-hydromicaceous assoclation. The quantitative kao-
linite-hydromica ratios are very varied over both the section and the area.
The presence of siderite, the kaolinite-hydromica composition, the clayey-
ness and great density and unwettability of the rocks are characteristic
features of dense sections within producing reservoir C-VI.

The sediments of the Bobrikovskiy horizon (a kaolinitic zone) consist mainly

of a sandy or siltstone reserveir and a kaolinitic band covering it. The sand-
- stones of the Bobrikovskly horizon are of gray and light-gray color and are

quartzous, The siltstones are more often distributed in sections with a

small thickness of the Bobrikovskiy horizon. They are of gray and dark-gray

color, are quartzous, and are clayey and carbonaceous,

In the roof of the horizon of most sections of the main deposits a band of
light-gray kaolinitic argillites, very dense, strong, of the type of "krem-
nevkas" (kaolinia refractnry clay) or other kaolinic clay, is traced, The
argillites are not wetted in water, are clearly distinguished by their light
coloration from the entire section and are a marking interstratification of
the roof of the Bobrikovskiy horizon (a kaolinitic band),

Characteristic of some sections is the presence not only of light-gray but
also of reddish and greenish kaolinitic argillites, Light-gray differences
of argillites often change along the strike into carbonaceous-clayey rocks
or into clayey siltstones and sandstones with frequent light-gray selvedges;
in the latter case the Bobrikovskiy horizon consists only of sandstones and
siltstones.

The log characteristics of light-gray kaolinitic argillites and the carbon-
aceous-argillitic rocks underlying them are similar: corresponding to them
are positive values on the PS curve, the increase of the values of the
apparent resistance and the usually steady cavernogram. The thickness of
sediments of the Bobrikovskiy horizon is very small (5-15 m).

Connected with the sandy-siltstone rocks of the Radayevskiy and Bobrikovskiy

horlzons are the oil deposits not only of Bashkiriya but also of Kuybyshev-
skaya and Permiskaya oblasts and Tatariya.
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The deposits of the Tul'skiy horizon (the upper hydromicaceous zone) con-
slst of terrigenous and carbonate-terrigenous complexes of rocks, as well
as of carbonate formations, In the northern part of Bashkiriya the Tul'-

- skly horlzon is almost completely composed of sandstones and siltstones,
and the limestones and marls form single thin layers, The horizon thick-
ness varies from 25 to 50 me The sandstones of the Tul'skly horizon are
light and dark gray in color, depending on their content of coaly-clayey
materialy the quartzous, with rare grains of feldspars, are fine-grained
and silty to a different degree, at times with an admixture of medium-

. sized grains, The thickness of the layers of sandstones varies from zero

to 14 m, but more often is 1 or 2 m,

Up to elght sandy-siltstone producing reservoirs are encountered in the

_ sction of the Tul'skiy horizon of northwestern Bashkiriya (Figure 1),
Sections are noted in which all eight producing reservoirs consist simul-
taneously of rock traps and sections with the presence of one or two layers
(Figures 1 and 2),

An association of clay minerals togather with non-clay minerals, and also

- the presence of individual groups of fauna and flora, permitted distinguish-
ing a number of clay layers in the section of the Tul'skiy horizon. Those
layers have correlation importance and are traced with the main deposits
of northern Bashkiriya,

At the base of the Tul'skiy horizon lie two layers of argillites (8 and 8 ),
well expressed by anomalies of approximately equal amplitude on the caverno-
gram curve, which reflects increase of the borehole diameter (Figures 1, 3
and 4). Layers 8 and 8, are composed of argillites that are wetted well in
water, with frequent gliding planes and a shell-like cleavage, at times
lumpy. Very characteristic of those layers is fine elutriation of clayey
material, the presence of siderite, rare oolitic formations of hydrobiotite,
rare fragments and segregations of phosphorite and individual tests of
pelecypods and brachiopods (Figure 5b, c). The mineralogical composition

of the argillites is hydromicaceous, at times with an admixture of mont-

morillonite, The thickness of the argillite layers varies from zero to
4t05m.

Between the layers of argillites 8 and 8. lies producing reservoir C-VIO,
with'a thickness of 0.8 to 5 m, Above layer 8 is sandy-siltstone reservoir
C-V, covered with artillites or clayey siltstones of layer 7.

Layer 7 separates reservoirs C-V and C-IV, It is composed mainly of coaly-
clayey siltstones and argillites., Characteristic of the layer are elutri-
ation of the clayey material, a considerable content of coal and mica, the
presence of frequent centimeter exfoliations of coaly-clayey siltstone

with a mainly hydromicaceous composition, the presence of nodules of gider-
ite and iron oxides and the fiequent presence of oolitic formations of
hydrobiotite. In some layers all those characteristics can be found,

but in most cases only one of them is observed. The layer thickness

]
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Figure 2, Schematic' comparison of well sections of the Arlan-
skoye oil deposit. om = Ohm mB = mV

1 == Turneyskiy 10 -~ Tul'skiy

2 -- Vizeyskiy 11 -- Horizon

3 -~ gtage 12 -- Sandy reservoirs &

4 -- Malinovskiy coaly layers

5 -- Yasnopolyanskiy 13 -- Depth, m -
- 6 -- Suprahorizon 14 -- Lithological column

7 -- Yelkhovskiy 15 -- Well (48)

8 -~ Radayevskiy 16 -- Arlanskaya area
. 9 -- Bobrikovskly 17 -- Novokhazinskaya area

is not great, from zero to 3 m. With increase of thickness that layer

- is usually broken down into several layers of argillite and clayey silt-
stone (Figure 4), Clayey layer 7 is expressed on the cavernogram by two
peaks of a slight anomaly.

Above bed C-IV lie carbonate-clayey rocks, among which two clayey reservoirs

are distinguished (6 and 6 ) with a thickness of 1 or 2 m, which separate
producing reservoirs C-1V, c-1v0 and c-III,

7
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Figure 3,

Schematic comparison of profiles of

formation of the Lower Carboniferous along the
om = ohm mB = mV

Kreshcheno-Bulyak, .
Stage 9
Horizon 10
Sandy reservoirs & 11
clayey layers 12
Depth, m 13
Lithological column 14
Voyady, well 15 15
Kasebo, well 18 16
Arlan, well 35 17

Arlan, well 40
Vizeyskiy
Tul'skiy
Bobrikovskiy
Radayevskiy
Turneyskiy
Yelkhovskiy
Kaolinite band
Cheraul, well 71
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Figure 4, Schematic comparison of sections of the terrigenous
formation of the Lower Carboniferous along the Kabanovo-Krush-
akaya line of wells,

1 == gtage 12 -= Yelkhovskiy

2 == guprahorizon 13 -- Kabanovo, well 337
3 =« horizon 14 -- Arlan, well 40

4 -« bed, layer 15 -- Cheraul, well 22

5 o= Vizeyskiy 16 -~ Igrovka, well 65
6 -- Turneyskly 17 -- Maksimovo, well 6
7 == Yagnopolyanskiy 18 -~ Yugomash, well 7
8 -- Malinovskly 19 -~ Tamyshly, well 59
9 -- Tul'skiy 20 -- Kazanchi, well 56
10 -- Bobrikovskiy 21 -- Krushskaya, well 1353
11 -- Radayevskiy

Layers 6 and 6, are composed of argillites which are wetted well in water,
with sheli-like cleavage and gliding planes. Characteristic of the layers
are both disperse and silty varleties of argillites, mainly a hydromicaceous
composition with admixture of montmorillonite, the calcareousness of the
rocks, the presence of algae residues and fragments of the tests of brachio-
pods and the presence of individual segregatlions and fragments of phosphorite,

The strongly clayey and calcareous differences of the siltstones of reservoirs
C-1V° and C-I1I often contain fragments of the calcareous tests of the ostra-
cods and brachiopods, lens-shaped inclusions of limestone and fragments of
calcaroous algae. South of the Arlangkaya area thure is a gradual replace-
ment of bed C-III and the argillite layer underlying it, and further

south in that part of the section is developed clayey limestone with a thick-
ness of 4-5 m that is well depicted on the logging dlagrams and is a reliable
reference point (Figures 2 and 3), East of the Arlanskaya arca a replacement
of terrigenous rocks by carbonates also is manifested and a marking reservoir
clayey limestone appears (Figure 4).

Layer 5 of clay rocks has a total thickness of about 0.5 m, but its litho-
logical and mineralogical features and its positlon in the section are very

stable, The argillites of the layer are of dark-gray color, are well wetted

in water, are filled with residues of calcareous algae, and often by fragments
of brachiopods and segments of crinoids. The mineralogical composition of the
clayey substance is hydromicaceous and montmorillonitic,.

Layer 4 of argillites with a thickness of 3-4 m is traced higher. The
argillites are micaceous and silty, and horizontally layered, Finely disperse
varieties of argillites with gliding planes and shell-like cleavage are well
wetted in water, The mineralogical composition of the argillites is hydro-
micaceous and montmorilionitic-hydromicaceous, Encountered all over the
interbed are large nodules of pyrite which reach 2-3 cm in diameter, pyriti-
cized fragments of the tests of brachiopeds and pelecypods, and also pyriti-
cized remains of plants (Figure 5d, e, f).
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Figure 5. Core samples. a - dark-gray avgillite with shell-
like and foliaceous cleavage, the Yelkhovskiy horizon (Teplyaki,
well 32, 1481-1484 m interval); b - dark-gray argillite with
siderite exfoliation.  leyer 8 (Arlan, well 289, 1214.8-
1219.8 m interval); c¢ - dark-gray argillite with phosphorite
nodule, Layer 8 (Arlan, well 293, 1222,7-1231.,4 m inter-
val); d - argillite with fragment of fauna. Layer 4 (Arlan,
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e wall 287, 1208-1213 m interval); e - arglliite with residue of
calcaraous algae, Layer 4 (Arian, well 75, 1218,0-1221,8 m
- Interval)y £ - arglllite with pebble of phosphorite rock.
Layer & (Arlan, well 293, 1213-1218-m intorval).

Traced above layer &4 of argillite is the main productive reservolr of

the Tul'skly horizon C-II, above which an argillite-siltstone layer

is distinguished (marks 3 and 2), Layers 3 and 2 are distributed mainly

In sections of the Arlanskoye deposit (Figures 2 and 6). Characteristic of

them is poor wetting of the clay material, hydromicaceous and montmorile *
lonite-hydromicaceous composition, calcsraecusness and lens-shaped inclu-

sions of calcareous siltstone. The total thickness of the layers

1 to 3 m, .

Producing reservoir C-1 1s covered by a 1layer of argilliite 1 consisting
of calcareous arglillites or irregularly by siltstone marls. The rocks are
of dark-gray color; the clayey matter in them is of hydromicaceous composi-
tion. They sre filled with organogenic fragmentary material, poorly pre-
served, The layer thickness is about 1 m.

The saction of the Tul'skiy horizon ends in limestones, the thickness of
which Increases in southern and eastern directions from the Arlan deposit.

Thus the section of the terrigenous formation of the Lower Carboniferous is
characterized by a cyclic alternation € clayey sediments with sandy-silt-
stone formations., Whereas the distinguishing of each varlety of rocks on
logging dlagrams presents no special difficulty, determination of their
stratigraphic classification and places in the section is very difficult,

Those sections have also been correlated by computer [11]. The reference
marks separating the reservolrs were characterized by a complex of oil fleld
geological data: PS [expansion unknown], KS [resistance method], GM [gamma-
method], NGM [neutron gamma-method], MGZ, MPZ [expansions unknown] and the
cavernogram, In addition, geometric characteristics were also used: the
thickness of the reference mark and the ratio of the distance from the roof
of the reference mark to the band thickness. Eleven parameters were pro-
- cessed in all.

The correlation of sections is reduced to the task of recognizing five classes

of reference marks R,, To process the functions of the distance ¢(P, R,) .
from the arbitrary example P to the classR,, 1 = 1, «.s, 5, the function of

the distances between the examples P and M *s found in the form:

11
(P, My=,3"alq (P, M). M
Pt ig; ATr

The coefficients Qh are so selected that the ratio of the diameter of the
class Ri (in the “ll-dimensional space of those parameters) to the distance

12
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from that class to the combined remaining classes was minimal, After that
PP, Ry) = M ER minp, (P, M),

Taken as @ (P, M) ls the square of the difference between the values of the
k-th parameters of examples P and M,

The question of the reference mark to which a recognized example belongs is
solved on the basis of the values of the integral distances

[} -
P)— !
r P, R = 0¢(P)—py; .
4 oy ' (2)

where pU(OU) is the arithmetlic mean (mean-square) deviation of the dis-
tances of the training examples of the class Rl to RJ. That is, the
example is related to the one of the reference marks 'Ri to which the
distance from it is minimal,

The training was done on materials relating to the Cheraul area, for which
18 objects were selected for the class C., 18 for Cy, 19 for Cs, 18

for C[‘ and 16 for C6 atn =11 and m = 53 ¢h(P, M) is the squayre of the

difference between the values of the ll-th parameter of the objects P and M,
The identical number of objects is if possible placed in the standard and
test groups of each class. Used for recognition was a combination of schemes
I and 1I1 from [11], that is, in each of the worked wells P the distance

r(®, C.) from which to the class correlated (for example, the i-th) is the

least.” If r(, Cl) 'S 2.5011, the argillite P is placed in class CI; for

2.5011< r(®, Cl) < laOu the reference mark was considered to be unrecog-
nized; for r(P, Cl) > 4011 absence of the corresponding reference mark in
the well was established,

Four wells of the Charaul deposit were selected in which all the reference
marks were present and correctly recognized. Then without additional train-
ing the sections of four wells of the Novokhazin area were correlated on
. which those reference marks are also traced. The result of the recognition
was as follows: the reference marks R,, R, and R5 were recognized correctly,
R, was recognized in all wells except one, where it was considered absent,
wgich corresponds to reality, since in that well it was replaced almost com-
pletely by siltstones, In two cases reference mark R, was recognized incor-
rectly; this indicates a need for additional training in the transition to
a new deposit. 1In well 5 the absence of R, was correctly determined and
for the argillite nearest (in distance) to Rl. the deviation of the distance
from the mean exceeded 60,, (Figure 7),

Because the parameters of the reference marks vary from area to area and
new reference marks appear, the training material must be automatically
renewed,

13
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Figure 6, Schematic comparison of sections of the Arlan deposit,

mB = mV
1 == gystem 9 -~ Carboniferous
2 == gtage 10 -~ Vizeyskly
3 -« formation 11 -~ terrigenous
4 == horlzon 12 «= Tul'skly
5 == reservoir 13 -~ Bobrikovskly & Radayevskliy
6 -- reference mark 14 -- Turneyskiy
7 =« depth, m 15 ~= Yelkhovskiy
’ 8 == well

Let us note that the drawing in of parameters characterizing the mineralogi-
cal composition of the reference marks belng correlated evidently will per=
mit improving the results of recognition and get rid of undesirable geo-
metric characteristics.

It 13 advisable to use the proposed method in an automated system for pro-
cassing fleld geophysical data, including the preliminary distinguish-
ing of reservolrs over a section and the automatic taking of thelr mean
characteristics with available algorithms, Those data will permit further
processing of the geological materials by computer,

Method of Zonation and Correlation of Carbonate Deposits by Computer

In the zonatlon and correlation of carbonate deposits it 1s important to
establish general regularities in the structure of the rocks, On how cor-
rectly they have been established will depend the precision of the corre-
lation of the well sections by layers. The investigator must strive to

- use all the avallable geological-geophysical and field material and

in mass processing draw in mathematical methods and the computer.

Study of the structure of carbonate deposits, determination of the corre-
lation characteristics and comparison of producing reservoirs are examined
on the example of the carbonate deposits of northwestern Bashkiriya., A
section of the Middle Carboniferous, represented by the Bashkirskiy and

. Moskovskly stages, consists of carbonate formatlons of various types with
subordinate layers of terrigenous sediments,

With geological and oil field geophysical data in the interval of the sec-
tion from the upper part of the Bashkirskiy stage to the roof of the Podol'-
skly horizon on the territory of northwestern Bashkiriya 11 recurrent two-
term complexes of carbonate rocks (rhythmically constructed bandg I-XI) are
distinguished (Figure 8). The lower part of each of the bands is represented
by a very pure variety of carbonate rocks, as a rule containing porous-
permeable varieties (the "productive" reservoir), and the upper by denser
clayey-carbonate rocks (the cover).

15
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Figuro 7. Schomatic comparison of soctions of wolls of the

Nuvokhazin area mB = mv
1 -- Age 7 == Regults of distinguishing
2 =~ Depth, m roference marks by computer :
3 <« Number of reservoirs 8 «« Well H
4 -- Lithological column 9 -~ Tul'skiy horizon
5 «= Results of llthologlcal 10 -~ Radayevskiy-Bobrikovskly horizon .
’ determination by computer 11 -« Yelkhovskiy horlizon
6 -~ Reference mark 12 -- Turneyskiy stage .
’ For an oll fleld geophysical complex a producing reservoir is characterized

by the following features: a predominance of negative CP indicatlons and low
GM's, positive MZ increments, low and medium NGM or NM values, Character-
. istic of rocks of the cover 1s a predominance of positive PS indlcations
and high GM values, medium, high and low NGM or NM values and an absence
of MZ increment,

The bands distinguished in the carbonate-terrigenous profile of the Middle
Carboniferous period are well traced also on territories of Tatarlya and
Farmskaya and Kuybyshevskaya oblasts adjacent to Bashkiriya,

The formation of bands (rhythms) is determined to a considerable degree by
the rhythmicity of sedimentation, expressed in a regular alternation in

the profile of Middle Carboniferous deposits of reservoirs, represented by
purer carbonate rocks and in most by a layer of porous-permeable and dense
clayey-carbonate varieties of rocks reflecting transgressive and ragressive
phases of oscillatory motions,

The question of the start of the rhythms is disputable: some researchers are
inclined to start the rhythms with regressive, others with transgressive,

and still others with the middle of the phases. Sharing the point of view

of researchers who take the transgressive phase to be the start of rhythms,

the authors rhythmicity on the alternation of more porous-permeable, less -
silted up producing veservoirs, concentrated in the lowar part of the rhythm,

and clayey, dense reservoirs of the upper part of each rhythm,

. At the same time, strict rhythmicity of the profile of the Middle Garbon-
iferous s destroyed by the eoffect of a whole series of other processes
which extinguish the boundaries of individual bands and producing reservoirs,
This is mainly characteristic of regions in the profiles of which a consid-
erable quantity of clayey material is contained in the producing reservoirs
and active processes of dolomitization and sulfatization of rocks occur.

In such cases a gradual transition of the producing reservoir to clayey-
carbonate dense rock is observed, In proportion to the accumulation of an

adequate complex of oil field geological material the boundaries of the bands
and producing reservoirs require refinement,

17
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In the Middle Carboniferous deposits the distingulshing of rhythmically
alternating bands is one of the main aspects in the study of the structure
of carbonate rocks and determination of the regularities in the distribution
of collectors, In connection with the established rhythmicity of structure
of the profile of Middle Carboniferous deposits, characterized by definite
features, the possibility of distinguiching bands and reservolrs 1s consid=
ered the first stage In the regional correlation of sections by computer.
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Chapter 3, Study of the Heterogeneity of Producing Reservoirs

A very important feature of the geologlcal structure of producing reser-
voirs, one axerting a substantial influence on the completeness and inten-
sity of the working of oll reserves, is their 1lithological-faclal varia-
bility. Used to study variability (heterogeneity) of producing reservoirs
are both traditional mathods (construction of lithological-facial maps and
profiles, maps of thickness, permeability, porosity, etc), and also new
geological-statistical methods (estimation of heterogeneity on the basis
of §he coefficients of zonatlion, persistence, sandyness, stratification,
aete).,

Depending on the stage in the organization and working of a deposit, various
methods of studying heterogeneity are used [4,34,35], In the initial stage
of investigation of the geological structure a qualitative characterization
of the variability of producing reservoirs is sufficient, Maps of thick-
ness, permeability, porosity and other parameters characterizing reservoir
collectors are constructed to obtain it. Quantitative estimation of the
heterogeneity of reservoirs is also important in the planning and analysls
of the working, together with the qualitative characterization, Such an
estimation 1s especlally important in studying multireservoir deposits,

at which,. as & result of heterogeneity of the reservoirs, irregular work-
ing of the reservoirs and outrunning of the advance of water through the
reservolrs are expressed more sharplyand losses of oil are found in zones
confined to the tapering-off boundaries of the reservoir collectors.

On the example of the Arlanskoye and other deposits of Bashkiriya we have examined
some methodical procedures that permit estimating the degree of heterogeneity
of producing reservoirs,

Characteristics of Terrigenous Iraps

Some of the indicators of heterogeneity are the structure of the traps

of producing reservoirs, their porosity, permeability and granulometric
composition, the type and mix of the cement, and also the character of their
distribution over the profile and the area. It is natural that the more
homogeneous the reservoir the more constant are all those features, and the
reverse. Such large multireservolr oil deposits as the Arlanskoye, the
Uzen'skoye and others, are characterized by considerable partitioning and
variability of the producing reservoirs. As an example of sharply expressed
heterogeneity of traps we present a description of the rocks of a terri-
genous formation of the Lower Carboniferous of the Arlanskoye and other
deposits of Bashkiriya,

The terrigenous deposits of the Lower Carboniferous are some of the principal
oil-producing complexes of Volgo-Ural'skaya Oblast. Industrial oil content

- in the section of the terrigenous formation of Bashkiriya has been estab-
lished in all of its horizons: the Yelkhovskiy, Radayevskiy, Bobrikovskiy

20
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and Tul'skly, 0i1 traps are fine-grained sandstones and
coarse-grained siltstones which are bedded in the form of lenslike layers
among clayey, coaly-clayey and other impermeable rocks, The thicknesses
of the separate layers and thelr quantity are extremely inconstant even
within smal) areas. A very large number of reservoirs and the maximum
total thickness (20-30 m) are confined to the northwestern rayons of Bash-
kiriya--to sections of the Chekmagushevskoye, Mancharovskoye, Arlanskoye,
Tatyshlinskoye and other deposits, In the northern half of Bashkiriya,
producing reservoirs are traced in the Radayevskiy, Bobrikovskly and Tul'.
. skiy horizons, and traps are sometimes encountered in the Yelkhovskiy
horlzon. In the southern half of the territory the principal producing
reservoirs are sandy-siltstone rocks of the Radayevskiy and Bobrikovskiy

. horizons,.
The traps of different horizons and reservoirs have mainly -an identical
material composition, but differ in their trap properties, the type of
cementing, the quantity of cement, the grailn size, etc, A characterization
of traps is presented on the basis of study of their mineralogical and
granulometric compositions and detailed investigation of the mineralogical
composition of the clay cement. Classed as traps are sandy-siltstone

rocks with a porosity of at least 10 percent and a permeability of at least 1 mD.,

The rock traps of the Radayevskiy and Bobrikovskiy horizons are regarded
as reservolr C-VI, and in the section of the Tul'skiy horizon the following
seveg reservoirs are distinguisheds C-I, C-II, C-III, C-IVO, C-IV, C-V and
C-VIY,

Reservoir C-VI is composed mainly of fine-grained quartzous sandstones, at
times of coarse-grained sandy siltstones, The siltstones are characteristic
mainly of reservoirs with small thicknesses and are encountered very often
in sections of the southern part of Bashkiriya. A reservoir is usually
partitioned into several partings, the thickness and number of which is in-
constant: they vary from 2 to 6 in number, In most rayons the reservoir
thicknesses are poorly maintained and in a short distance the rock traps

are replaced by impermeable varieties, but sections with a monolithic struc-
ture of reservoir C-VI are sometimes encountered (Figure 14),

The sandy-siltstone rocks have dark- and light-gray colorations, depending on
the degree of clayiness and coaliness. The quartz grains in the rocks are

. poorly cemented, and at the same time several types of cementing have devel-
oped: contact, sharply incompletely porous, porous and basal (Figure 15).

The cement mix also is different--clayey and limy, At times pyrite, sider-
ite and aphrosiderite are observed in the cement (Figure 15b)., The pores
are of an intergranular, very rarely interaggregate character, irregular and
resembling slits, at times of rouid form with dimensions of 0,01-0.6 mm
along the length of the axis. The pores often are connected by channels

up to 1-1.5 mm in length and not more than O.4 mm in width, Tapering out
microfissures with a width of 0.02 to 1,0 mm are encountered in the clayey
siltstones and sandstones,
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Figure l4, Schematic comparison of sectlons of reservoir C-V1
along the line of the Voyadinskoye-Demskoye deposits mB = mV

1 =« gtage 12 == Cheraul'skaya, well 17

2 == horlzon 13 -- Arlanskaya, well 1..

3 <« reservoir 14 -- Novokhazinskaya, well 12
4 == Bobrikovskly 15 =~ Meneuzovskaya, well 8

3 =« Tul'skiy 16 == Kreshcheno-Bulyakskaya, well 83
6 =« Vizeyskly 17 -« Sharanskaya, well 10

7 == Radayevskiy 18 -- Tyuryushevsksya, well 2
8 -- Turneyskiy 19 -- Kopey-Kubovskaya, well 8
9 -- Kizelovskiy 20 -- Tuymazinskaya, well 1187
10 -« Yelkhovskiy 21 -- Belebeyevskaya, well 48
11 -- Voyadinskaya, well 14 22 -- Khomutovskaya, well 22

The clay, calcite and coaly detritus are distributed in collectors irregular-
ly, in the form of lenticular selvedges, layers and irregular sections. Such
a distribution of the material causaes horizontal, slightly slanting, wavy and
inclined layering and a fine-dense structure of the rock.

The presence of layering in the rocks exerts a substantlal influence on per-
meability, determined in the direction perpendicular to the stratification
(pr). For layered examples this value of the permeability is considerably
lover than that determined parallel to the stratification (pp).

In the cagse of homogeneous texture of collectors the k_ tk _ ratio varles
from 0,93 to 1.13, and for a layered texture k__ is alvays larger
than kpr and the kpp:k ratio varies from PP 3.8 to 18,0, If the layered

texture of the collectors is reflected in the ratio kppmpr’ then the fine-

dense texture (dense inclusions of calcite) exert an influence on the capa-
city of the collectors. Sandy and siltstone rocks with a dense structure
have high permeability with relatively low porosity. The permeability of
samples of reservoir C-VI is falrly high even when the porosity 1s below
15% (364-696 mD), For such low values of the porosity in rocks with a
layered texture the permeability does not exceed 10-20 mD,

The mineralogical composition of the clayey cement of the rock collectors

of reservoir C-VI is mainly kaolinitic; in the lower partings of the sand-
stones one notes, as a rule, an admixture of hydromica and disordered mixed
layer mineral of the type of montmorillonite-hydromica [6]. Kaolinite 1is
represented by clearly expressed hexagonal authigenic crystals 0.5-2.0 microns
or larger in size (Figure 16a, b). In accordance with the mineralogical
composition of the clayey cement the values of the absorption capacity also
are found, usually equal to 10-15 mg-equiv/100 g and increasing to 20
mg-equiv/100 g at the bottom of the reservoir (Figure 17),
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Figure 15, Sketches of slides, a -- sandstone, quartzous, fine-
grained, siltstone with contact comenting. X100, Reservoir C-VI
(Novokhazino, well 4605, 1220,1-1221,1 m interval; b -- sandstone
quartzous, fine-grained with contact cementing and noc-completely
porous cement, X100. Reservoir C-V1 (Novokhazino, well 4769,
1233.1-1237,8 m interval); ¢ -- sandstone, quartzous, fine-grained
with clayey-coaly cement of the not-completely porous type. X100,
Reservoir C-VI (Novokhazino, well 4759, 1233,1-1237,8 a interval);
d - sandstone, quartzous, fine grained, siltstone with clayey-coaly
and calcite cement of porous and not-completely porous types. X100,
Reservoir C-Y, (Novokhazino, well 4632, 1220,8-1226,0 m interval,

1 -- quartz; 2 -- coaly-clayey material; 3 == picrite; 4 -- hollow
pores; 5 -- coaly material,

The small content of the pelitic fraction (3-5 percent, rarely 7-10 percent)
in the soluble part (<10 percent), the good sorting of the fragmented mater-

ial (S0 = 1,5-2,5) and the low absorption capacity assure high, although
sharply fluctuating trap properties of the rocks.

A very large number of determinations of porosity and permeablility were made
on core samples from sections of the Arlanskoye deposit. Thus for the deposit
the porosity values fluctuate from 11 to 31 percent, the mean porosity faator
is 23.6 percent, and the permeability fluctuates from 0.1 to 11 D,
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Figure 16, Electron microscope photographse a == fraction <0,001
m from sandstone of reservoir C-VI, X18,000, (Arlan, well 343,
1273,5-1277,5 m in%erval); b -- fraction <0,001 from sandstone of
reservoir C-VI, X18,000, (Arlan, well 183, 1252,3-1255,1 m in-
terval); ¢ -- fraction <0,001 mm from sandstone of reservoir C-IC,
X5000. (Arlan, well 291, i201~1200.4 @ interval); d -- fraction
<0,001 mm from sandstone of reservoir C-II, X10,000, (Novokha-
zino, well 3908, 1215,3-1216.6 m interval).

a

The siltstones have poor trap properties: their porosity varies from 10
to 26 percent and the permeability is 10-3650 mD in the "pp" direction and
does not exceed 896 mD in the "pr" direction, According to the classifi-
catlon scheme of A, I, Krinari the traps belong in classes 1 and 2 and
subclasses 1 and 2 [22,42],"

Reservoir C-VI0 5 encountered as a trap in sections of the Arlanskoye
deposit, where its thickness reaches 4 to 5 m, and upon increase of the
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Figure 17. See next page.
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Pigure 17, Characteristios of clay minerals of sections of the
torrigenous formation of the Lower Carboniferous of oil deposits
of northwegtern Bashkiriya

1 «= Carboniferous 16 -- Horizon

2 == Lower Virzeyskiy 17 -~ Regervoir

3 <« Turneyskly 18 == Depth, m

4 - Lower Vizeyskiy 19 -« Lithologlical column

S == Middle Vizoyskly 20 «= Xaray characteristios of fractlon
6 -- Malinovskly <0,005mm, kXu

7 -« Yasnopolyanskly 21 -- X-ray characteristics of argil-

8 -- Radayevskiy 1ites, KXu

9 -~ Bobrikovskiy 22 == Thormal characteristics of fractlon
10 «- Tul'gkiy <0,005, °C

11 -- gystem 23 == Thormal characteristics of argil-
12 -~ gorles 1ites, °C

13 -~ stage 24 -« Mean K,0 content, %

14 -~ substage 25 .- CApaclgy of cation volume, mg-equiv/

15 == Suprahorizon 100 g of clayey fraction
26 -- Mineralogical type of clays

clayiness the thickness decreases to 1 ms The f£ine-grained quartzous sand-
stonas and coarse-grained siltstones of reservolr C-V10 often are poorly
sorted out and always are to some degree clayey and coaly. Tha clayey-coaly
miterial is distributed extremely irregularly, and S, varies from 2 to 3.5,

The content of clayey and carbonate material in the cement of rocks of ro-
servoir C-VIO at times is high, reaching 10-37 and 25 percent respectively.
In addition, often noted in the cement are late diagenetic formations of
kaolinite, gypsum and anhydrite which considerably worsen the trap pro-
perties, When there is a high content of cementing material (> 20 percent),
pore and bagal types of cementing are developed, Often the content of cement-
ing material over the section and over the area varies sharply in the range
of 5-15 percent, and the type »f cementing in that case is mixed contact and
not completely porous (Figure 18a, b). In the latter case the collector
properties of the reservoir rocks are high and medium, and the oil saturation
is relatively uniform, The rock porosity varies from 12 to 24 percent and
the permeability from 5 to 600 and occasionally to 800 mD,

The mineralogical composition of the clayey material is mainly hydromica-
ceous, Two varieties of hydromice are noted, clastic and authigenic, The
latter considerably worsens the trap properties. Often noted is montmoril-
lonite and a mixed layered mineral of the type of montmorillonite-hydromica
or kaolinite., The porosity and permeability values of traps of classes

3, 4 and 5 and subclasses 2, 3, 4 and 5 fiuctuate in a wide range.
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Figure 18. Sketches of slides. a =-- quartzous sandstone, fine-
grained, with contact cementing., Packing of quartz grains is
dense. X100, Reservoir C-VIO (Novokhazine, well 4741, 1222,0-
1224,2 m interval); b -- quartzous siltstone, coarse grained,
sandy with coaly cement of porous and not completely porous
types of cementing, X100, Reservoir C-VIO (Novokhazino, well
4605, 1212,0-1215.2 # interval); ¢ -- quartzous sandstone, fine-
grained, siltstone with coaly, clayey sections with calcite
cement of the porous, not completely porous and basal types.
X100, Reservolr C-IV (Novokhazino, well 4633, 1223,1-1227,2 m
interval); d -- quartzous sandstone, fine-grained, siltstone
with contact type of cementing., Pyrite in the ccals of indi-
vidual pores. X100, Reservoir C-II (Novokhazino, well 4617,
1205,9-1207,2 m interval); e -- quartzous sandstone, fine-
grained, siltstone with clayey cement of not completely porous
and contact types., X65, Reservoir C-V (Arlan, well 59, 1273,9-
1278,0 m interval)s 1 -- quartz; 2 -- clay; 3 -- coaly-clayey
material; 4 --pyrite; 5 -- hollow pores; 6 -- coaly material.
29
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Regervoir C-V consists of fine-grained sandstones and coarse-gralned
siltstones. The quartz gralns are cemented by coaly=-clayey, more rarely,
carbonate cement, The types of cementing are: pore, basal, and rarely
contact (Figure 18d). The rocks are very coaly. The intergrain and inter-
aggrogate pores are of irregular and slitlike form, and the dimensions
along the long axis are 0,02-0,46 mm,

Depending on the type of cementing and the quantity of cementing material,
the values of the porosity and permeability vary, being 19 percent and 0.4 D
on the average., The fluctuations of those paramaters are considerable
within the limlts of lndividual areas and deposits. Thus, on sections of
the Arlanskoye deposit the porosity varles from 10 to 25 percent and the
permeability from 0,02 to 2,6 D« The collectors balong to class 3, at times
class 1 and 2,

The thickness of recelver C-V fluctuates strongly; If it consists of

a good trap, its thickness is 3-4 m, but 1f the reservoir is composed
of clayey siltstone its thickness cannot be more than 1 m, Very great
development of snndstones in that reservolr is observed in sections of
Northern Bashkiriya (Figures 2 and 4).

The quantity of the pelitic fraction usually is about 10 percent or more and
its mineralogical composition, as in reservoir €-v0, is mainly hydromicaceous,
but a substantial admixture of montmorillonite and a mixed layered component
of the type of montmorillonite-hydromica is often noted, and at times a
clayey cement is encountered, composed completely of montmorillonite, which
considerably worsens the properties of the rocks. The fraction < 0,005 mm

1 was enriched with carbonaceous material and pyrite. The absorption capa-
city of the < 0,005 mm fraction, as in other reservoirs with a mainly hydro-
nicaceous composition, is very small--15-20 mg-aquiv/100 g, which is proba-
bly explained by good crystallization of the minerals (Figure 17).

Reservolir C-1V has a thickness of about 2 m, In some sectlons a confluence
of reservoirs C-IV and C-V is noted, and then the total thickness reaches
8-20 m. The reservoir is composed of both well-sorted out sandstones and
slltstones and of siltstone-clayey varleties of rock. In thicker reservoirs
the fragmented material of the rocks is relatively well-sorted out and; on
the contrary, thin reservoirs are characterized mainly by a siltstone com-
position, and the rocks in that case are clayey and limy. The sorting fac-
tor varies from 2,0 to 3,0, The quartzous material is cemented by clayey,
clayey-coaly, and more rarely carbonate cament. The type of cementing is
porous and contact, at times basal (Figure 18c). During the contact type

of cementing there is not more than 3-5 percent of the pelitic fraction in
the sandstones, and 2-4 percent of the soluble. Correspondingly, the re-
servoir has good trap properties, a porosity of 22-26 percent and a
permeability of up to 3800 mD, The palitic fraction of the rocks is strongly
enriched with coaly organic material. The mineralogical composition of the
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clayey cement is hydromicaceous, montmorillonitliec and montmoriilonite
hydromicaceous with a K,0 content of 3.5 percent, The hydromica consists
in fragmentary and authggenlc modifications (Figurae 16),

The porosity of reservolr Ce1V is 19-22 percent on the average and the per-
B meability 1s about 500 mD, although the fluctuations of those parameters
are very large over both tha section and the area, Te porosity and perme=
ability are 12.30 percent and 0,13,8 D respectively, The collectors are
mainly of class 3, but at times layers of traps of classes 1 and 2
. and subclasses 1, 2 and 3 are encountered,

Reservoirs C-IV0 and C-II1 usually consist of strongly 1imy siltstones,

. clayoy to different degrees, with a orumpled texture, Sections of lenti.
Sular development of those reservoirs, composed of sandstones with a thick-
ness of up to 2-4 m, are encountered sporadically,

The type of cementing in the rocks of reservoirs C-1v0 and C-III ig extremely
heterogeneous: porous and basal, and not completely porous in sorted out
sections. The quartz grains are cemented by calclte, zeolites, gypsum,
anhydrite, pyrite and to a lesser degree clayey matter composed mainly of
hydromica and enrictied with earbonaceous organic matter, The hydromlca con-
' sists of isometric-lamellar and long splintery modifications, The authigenic
variety of hydromica in the sections of the Arlangkoye deposit in associ-
atlon with zeolites worsens the permeabllity of the rockss From time to time
hollow pores of irregular and slitlike form with dimensions of up to 0,02 mm
on the long axis are encountered in the cement, Often noted in the rocks
simultaneously are several types of cementing with an irregular distribution
- of the cementing material, as a result of which the traps have an ir-
regular oll saturation (separate sections, thin layers, lenses, tracks of
mudeaters, etc). The sorting coefficient fluctuates from 2.0 to 3.5,

In view of the irregular sorting of the fragmented material the trap
properties of the reservoirs fluctuate sharply: the porosity from 9-13 to
24 percent and the permeability from the practically impermeable to 413 mD,
and rarely to 700-800 mD.

. Reservoir C-II with an average thickness of 5-7 m is widespread mainly in
the northwestern rayons of Bashkiriya. In the southern and eastern direc-
tions there is displacement of the terrigenous rocks of that part of the

. section by carbonate rocks (Figures 3 and 4), Increased thicknesses (up to
15 m) connected with facial replacements of the underlying sediments are
most widespread on the Novokhazinskaya and Arlanskaya areas (Figure 19),

= In separate sections the reservoir is broken down by clayey-siltstone rocks
into two, more rarely three partings, the most enduring of which is the
upper parting C-Ilup.
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Reservolr C-I1 is composed of gray fine-gralned, rarely with an admixture of
medlum-grained, quartzous sandstones and sandy siltstones, Tha quartzous
gralns are oamunted by a clayey material, at times to a considerable dogree
clayey nnd pyritized; in isolated sections caloitlc and zeolitlc cements are
oncounterods The predominant type of cemonting s contact, more rarely por=
ous, not completely porous and basal (Figure 18d), The pores are irregular
and of slitlike forms The sorting factor is 1,3.2,0, rarely 2,5,

The content of the pelitie fractlon in the traps usually 15 less than
10 percent, and of the soluble part--about 4 percent, Due to the enrlchment
. of the fractlon smaller than 0,005 mm with clayey materlal and pyrite the
clayey minerals are in a subordinate quantity and consist of allothigenous
and authlgenous hydromica (Figure 16d), authlgerous kaolinite and mixed layered
. mineral of the type of montmorillonite-hydromica, The low values of the
absorption capacity (12-24 mg-equiv/100 g of sample) cause the good trap
properties of the reservolr, The rock porosity varies from 10 to 28 percent
and the permeabllity from 10 to 6300 mD. The traps belong in classes 1
and 2 and subelasses 1, 2 and 3,

For the traps of regervolr C-II, just as for the rocks of reservoir C-VI,
in view of their heterogeneous structure, the influence of textural features
of the siltstone-sand rocks on their filtering properties in various direc-
. tions 1is noted. In traps with a massive (homogeneous) structure the
kpp'kpr ratio has relatively high values (2,2-21,0). 1In traps with a

dense texture the permeability values also remain high (300-3000 mD) at 1ow
and medium values of the porosity (9-20 percent).

Reservolr C-1, developed in sections of the northwestern areas of Bashkiriya
(the Arlanskoye deposit) lis composed of strongly limy and clayey sandy-silt-
stone rocks, often with a crumpled texture, Its thickness is 1 to 3,5 m,

The fragmentary material is poorly sorted out and is cemented with clayey,
coaly-clayey, carbonate and often zeolite cement. The mineralogical compo-
sition of the clay is mainly hydromicaceous. The cementing is of the porous,
bagal, or rarely the contact type. The porosity is 10-24 percent and the
permeability 1.0 to 1850 mD, The trap properties improve when the thick-
ness of the reservoir increases. The traps usually belong to classes 1
and 2 and subclasses 1, 2 and 3, Both the cement mix and the types of cement-

ing in the rocks are mixed, as a result of which irregular oll-saturation of
the rocks is observed.

’ Thus in the degree of sorting out, the packing of the quartz grains, the quan-
tity and quality of the cementing material, and also the type of cementing,
producing reservoirs of the terrigenous formation of the Lower Carboniferous
differ considerably from one another.

Reservoirs V-V1 and C-II have the widest development, large thicknesses and
better trap properties in the section of the terrigenous formation of

the Lower Carbonifersus. Contact and not completely porous types of cementing
usually are widespread in them, with a content of not more than 10 percent of
the pelitic fraction and a soluble part of less than 5 percent,
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Figure 20, Core samples, & -- oll-saturated sandstone (above),
gray limy sandstone without features of olil-saturation (middle)
and dark-gray siltstone, coaly-clayey (betow). Raservoir C-VI
(Arlan, well 288, 1225,6-1230.6 m interval); b -- sandy, oil-
saturated siltstone with frequent coaly features on planes of
stratification and traces of cores of plants, Reservoir C-Vi
(Arlan, well 287, 1228-1233 m interval); ¢ -- oll-gaturated
sandstone with large inclusions of irregular form of gray sand-
stone. Reservoir C-VI (Novokhazino, well 4632, 1237,0-1239,7 m
interval); d -~ thin orumpling of oil-gaturated sandstone and
gray siltstone (light)., Reservoir C-VI (Arlan, well 292, 1221~
1226 m interval).

A mixed type of cementing: contact, not completely porous, porous and basal,
predominates mainly in reservoirs of the Tul'skly horizon, with the exception
of reservoir C-1I, The presence of the last two types of cementing is espe-
clally characteristic of reservoirs C-1VY, C-11I and C-I,

The trap properties of all the reservoirs depend on the total content of
the cementing material: clayey, coaly, caleitic, and also on the quantity of
the fine-silty fraction, and on thelr distribution in nature. When the amount
of cement is less than 10 percent, a mainly kaolinitic and hydromicaceous-
kaolinitic composition of the clayey fraction is present and there are contact
and not completely porous types of cementing, the rocks have a permeability of

3 .
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over 500 mD, Sandy-siltstone rocks, the clayey cement of which conslsts slmul-

taneously of kaolinite, hydromica, montmorillonite and mixed-layered formations,
have poor trap properties.

The above-described various types of cementing and the irregular distribution
of the cementing material create in reservoirs of the terrigenous formation

of the Lower Carbonian a gharply expressed macro- and microheterogeneity of
the traps.

Figure 21, Core samples, a =-- thin interstratification of oil-
saturated sandstone, gray siltstone and black coaly argillite.

- Large nodule of pyrite above. Reservoir C-VI (Arlan, well 292,
1221-1226 m interval); b -~ horizontally layered sandstone with
pocket of erosica filled with oil-saturated sandy material.

- . Reservoir C-VI (Novokhazino, well 4632, 1232-1234 m interval);
¢ -- oll-saturated sandstone in the form of large spots and limy
gradually changes into a layer of strongly limy, fissured and
cavernous sandstone. The fissures and caverns are filled with
coaly-pyritic material, The limy sandstone is not saturated
with oil. Reservoir C-VI (Arlan, well 289, 1209,8-1214.8 m in-
terval); d -- thin interstratification of dark-gray argillite
and irregularly oil-saturated sandstone. Reservoir C-II (Arlan,
well 291, 1196-1201 m interval); e ~-- o}l-saturated sandstone
with lenticular layers of dark-gray sandstone, slightly satura-
ted with oil.as a result of the development of porous cement of
zeolitic composition. Reservoir C-II (Novokhazino, well 3908,
1214.5-1215.3 m interval).
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Permeated and dense varietles of rocks are often distributed in the form

of lenses, thin (millimeter and centimeter) partings, sectlons of irregular
form, etc, Heterogenelty of collectors is manifested especially graphlc-
ally in the detailed study of core material. Hoterogenelty of the sandy-
siltstone deposits of reservoirs C-VI and C-II of the Arlanskoye deposit

is connected mainly with lamination of the rocks (horizontal, oblique in-
clined and lenticular) and also with the coagulate type of cementing (Fig-
ures 20 and 21).

In view of that, traps with similar values of porosity (18-23 percent)
have a difference in permeability of 3-4 times and, on the contrary,
some are encountered with relatively good permeability and low porosity.

The sandy-siltstones of rocks of reservoirs C-V, C-IV, C-III and C-I have a
high degree of heterogeneity as a result of the great variety of textures,
simultaneous development of various types of cementing and a sharply expressed
irregular distribution of the cementing material. In the traps of those
reservoirs, even within the limits of the 10-cm column cores, one can encounter
sections with both the contact type of cementing--with an insignificant con-
tent of clayey, carbonate material, and with the basal type--with an almost
complete absence of volds between the grains (Figure 18e).

The sandstones and siltitones of those sections have not only a layered tex-
ture but also textures of destruction (turbidization of sediments, sliding,
erosion inside formations, caused by the paths and burrows of mud-eaters,
etc). All these types of textures give the rock such a complex "crumpled"
appearance that it is difficult even to trace the interconnection of individ--
ual oll-saturated sections of the trap..

Naturally, such heterogeneity of the rock trap complicates extremely
the working of oil reservoirs.

Distinctive Features of the Distribution of Terrigenous Traps
and Thelr Heterogeneity

It is a very difficult task to completely include the flooding of individual
reservoirs in multireservoir deposits when they are jointly worked, since
producing reservoirs, as noted above, have sharply different trap proper-
ties and oil-bearing contours, and the areas of development of traps and
dense rocks of individual reservoirs do not coincide in the plane.

At large deposits, as a rule, pressure series are planned to maintain the
pressure in the main reservoirs. 01l field geologists face the task of work-
ing out measures to draw all the oil reserves of a producing formation into
active development., That problem is solved most often by installing or organ-
izing additional pressure wells. To designate the sections where placement

of additional pressure wells will be most rational it is necessary to study

. 36
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the distinctive features of the distribution of producing reservolirs by area,
make a thickness analysis and determine the parameters of the heterogenelity
of traps.

Often under the conditions of a multireservoir deposit the oil pools confined
to the various reservcirs have such a complex structure that the map or plan
where tha oll pool outlines of all the pools are plotted simultanaously
Is 11legible (and cannot be used to solve specific problems in analysis of
the development), In that case it 1s advisable to bruak the section down

. into several lithologlcal members.

The producing reservolrs of the Arlanskoye deposit are grouped in three meme
bers.

Taken as the lower member s the section Included between the Turneyskly 1ime-
stones and the first downward Tul'skly argillites (reference mark 81) or thelr
analogs, that is, the Radayevsko-Bobrikovskiy deposits, including reservoir C.VI,

The middle member includes producing reservoirs C-VIO, c.v, C-IV,-C-!VO and

the arglllite layers separating them. The lower boundary of the member 1s
drawn along the bottom of reference mark 8 , the upper along that of argiliite
reference mark 6, and on the Novokhazinskaya area--along the bottom of the 4-m
limestone confined to the middle part of the Tul'skly deposi®s. The zones of
development of producing reservoirs of that member do not coincide in the plana,

The principal distinctive feature of that part of the section is the discon-
tinuous development of individual reservoirs and their screening by densge
rocks on a considerable part of the area (Figure 22),

By the upper member is understogd the part of the section that includes rocks
from the roof of reservoir C-IVY to the roof of the terrigenous formation;
mica is included in producing reservoirs C-I1II, C-1I and C-I,

Reservoir C-VI (lower member) is widespread on the territory of Bashkiriya.
Three major zones are traced from the thicknesses of the collectors of that
reservoir,

The first zone 1ncluded the Arlanskaya and Novokhazinskaya areas, with the
Dyurtyulinskaya group adjacent to it from the south and the Cheraul-Or'ye-
bashskoye deposit from the east (Figures 23,24,25). Here the traps have

a thickness of zero to 30 m, More often they have a thickness of 4-12 m.

A conslderable portion of the area is occupied by zones of replacement of
collectors by dense rocks. Up to four partings of traps with different
characteristics are distinguished in the section.

The highest trap properties are noted in the second parting from the
bottom (C-VI,)

2 .
37

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9

FOR OFFICIAL USE ONLY

12348 6178 16
$ 08109 '
g Y §g § b Sk d 16,4 a5
MR 3
g S RY)
i e ;‘1‘;
] 4
g 2222 ;
CLE rets 5
te:
. 1204 1238 &
§ 1218 £
o ,s , % ; 1244 224
d L
o A b 7] Qe
UL R alr pm el S )
E‘ § ,g:g_gi!‘, II‘L:; - - PR = o
B J1 0] W a2 = = = [>%
HER L R =S e = ol
2 § i~ e} - {g—"—:;;;‘ : P
X KN g o ce -"'-:-'/ oy
3 N A5 S
F_t s 2 CO I =
- = T ooy /.
1258 B m o
i
'”‘}fz 720 =R
renk
. % 1908,
o
1240 r; . ke !
s
12883 m

Figure 22, Zonatlon of sections of the Arlanskaya area.

1 -- System 9 -~ Carboniferous
2 -- Formation 10 -- Tarrigenous
3 -- Horizon 11 -~ Tul'skiy

4 «- Member 12 -- Upper

5 -- Reservoir 13 -~ Middle

6 -- Reference mark 14 -- Bobrinskiy

7 -- Depth, m 15 -- Lower

8 -- Lithological column 16 -- Well

That parting is very widespread on the deposit. The maximum thickness and
its largest constant development are noted in the northern part of the Novo-
khazinskaya area (10-19.4 m).

In the central part the thicknesses are reduced to 8 to 12 m, In the western
half of the central part a large number of sections ("spots") of replacement
of the traps by dense rocks appear. 1In the southern part of the section,
dense rocks alternate with zones of traps of small thickness,
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Figure 23, The Arlanskoye oil deposit. 1 == provisory bound=
ary of deposit; areas: 1 -- Nikolo-Berezovskaya; 2 -- Arlan
skaya; 3 -- Novokhazinskaya.

The mean value of the arenosity factor for reservoir C-VI of the Arlanskaya
area is 0,48 (Table 1),

In the central part of the Arlanskaya area the value of the arenosity factor
is not greater than 40 percent (Figure 26). On the background of those
values zones of replacement of traps have been developed, The sections
bounded by the isolines from zero to 20 percent form the maln part of the
central part of the area. The traps there have small thicknesses, are
more clayey and are confined to the upper part of the section., The zone

of reduced values of the arenosity factor extends Ear to the west and east,
including partially the Ashitskiy and Urtaul'skly sections, and only to the
south of the zone is a small section noted where a sharp contact of zero
zones with maximum values of the factor (82-67 percent) is observed. Rarely
on the background of low values of the factor are small scattered sections
with values of the factor of up to 60 percent and higher noted.

Marginal sections of the Arlanskaya area are distinguished by higher values
of the arenosity factor (from 60 to 93 percent). Those zones are also par-
titioned by sections with lower values of the factor.
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Figure 24, Diagram of the distribution

of thicknesses of traps of reser-

voir C-VI of the Arlanskoye oil deposit.

1 -- sections where the traps

been displaced by dense rocks; sections

with a thickness of the trap of: 2 -

from zero to 8 my, 3 -~ from 8 to 16 m,

4 -~ from 16 to 24 m, 5 -- more than 24

m; 6 -- outer oil pool outlines;

7 -- series of pressure wells; 8 -- pro-
. visional boundary of areas., Areas: 1 --

Nikolo-Berezovskaya; 2 - Arlanskaya;

3 -- Novokhazinskaya,.
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A hw

Distribution of total thicknesses of reservoir C-VI

. by areas of the Arlanskoye deposit by number of walls, Area:
1 «- Arlanskaya; 2 -~ Novokhazinskaya; 3 -- Nikolo-Berezovskaya.

Table 1, Mean values of the coefficients of heterogenelity of the Bobrikovskoe
Radayevskly deposits (reservoir C-VI) of the Arlanskaya area
(B) Cpeanee sunvenye xoxpduunenton
Yuaernn (A) _(E) ()
10¢™ PacuaCHennot ™R

} Muntexuf 0,48 0,32 2,10
Haracocxuit 0,33 0,48 1,49
Axtannubaiencxkuf 0,44 0,28 1,96
Caxaoncknft * 0,57 0,2t 2,48
Apaancknid (1) 0,48 0,16 2,41

g Apaancxuiv (11) 0,42 0,43 1,87
KP-’K‘BO“ 0,61 0'33 lom
¥prayavexuit 0,54 0,40 1,60

g Hikoro-Bepesoscxnit (l‘ 0,54 0,41 1,90
Huxoao.Bepesosexnd (11) 0,57 0,36 1,87

Key: -~ Sections 9 -~ Saklovskly

WN=> MmO O >

-= Mean value of coefficients 10

-- of arenosity 11
-« of coherence 12
~= of zonation 13
~= Aghitskiy 14
-- Nagayevskiy 15
-= Aktanyshbashevskiy
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-- Arlanskiy (I)

-- Arlanskiy (II)

-= Krayevoy

Urtaul 'skiy
Nikolo-Berezovskiy (I)
Nikolo-Berezovskiy (II)
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Figure 26, Diagram of the distribution of sandstones of
reservolir C-VI in the lower producing member of the Arlan-
skaya area, 1 -- sections where collectors of reservoir
C-V1 have been displaced by dense rocks; 2 -- isolines of
percentage content of sandstones; 3 -~ outer oil

pool outline; & ~- boundary and number of sections of the
development,
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Analysis of the map of equal values of the arenosity coefficient and the
oll pool outlines of pools of the Bobrikovsko-Radayevskiy deposits
the Arlanskaya area shows that the purely oll sections of pools of reser-
voir C-V1 are confined to sectlons with low values of the coefficlent, and
that thelr water and oil parts correspond to regions with high values of
the coefflclent or the reservoir here is completely saturated with water,

. The mean value of the zonation coefficlient on the Arlanskaya area for reser=-
voir C-VI 1s 1,92. The minimum values of the coefflcient (1.49-1,60) were
noted in the eastern part of the area., High values (2,48-2,41) were traced
in the northwestern part, where the interstratification of dense with porous
layers was noted in the lower, water-saturated part of reservoir C-VI, On
the remaining sections the value of the coefficient varies from 1,87 to 2,10,

The coherence coefficient for reservoir C-VI has a mean value of 0,32. Its
fluctuation is very great on the various sections (Table 1), Thus, reservoir
C-VI on the Arlanskaya area has a high degree of heterogeneity. On isolated
sections the arenosity coefflcient varies by a factor of 2, that of coherence
by one of 3 and of zonation by one of 1.5,

In 30 percent of the wells reservolr C-VI consists of monélithic sandstone
with a maximum thickness of 26 m, In approximately the same number of wells
the reservolr is broken down into two separate interstratifications (Figure
27),

Fairly often, sandstone traps alone constitute the upper part (22 percent of
wells drilled), corresponding to theupper interstratification, and the lower
is replaced by siltstones and clayey rocks, In 8 percent of the wells only
the lower part, corresponding to the lower interstratification, consists of
sandstones.

The zone of junction of the sandy interstratifications ("monolithic sections")
of reservoir C-VI on the Ashitskiy sectlon is widely developed in the vault
part of the structure, On its eastern limb the reservoir is broken down into
two interstratifications. The coaly-clayey sections within the reservoir in
that section have thicknesses of 0.8 to 6.4 m, "Tongues' of dense rocks

. create as it were "corridors" among the zones of junction; the latter are
very favorable paths, however, for the movement of liquid through the reser-
voir, This is confirmed by working data, Such "corridors" of reservoir C-V1

. were the paths for a breakthrough of waters on the Ashitskiy section in the
initial stage of development (1962-1963), when the pool regime had not yet
been established,

On the Novokhazinskaya area, in contrast with the Arlanskaya, a large number
of interstratifications of dense rocks, breaking the collector down into
separate Interstratifications, is noted in reservoir C-VI, Up to three inter-

stratifications of coaly-clayey rocks is traced in the section of the Bobri-
kovsko-Radayevskiy deposits,
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Figure 27. Diagram of the davelopment of types of sections
of reservoir C-VI of the Arlanskaya area, 1 -- gsections
that are developments of a "monolithic" reservoir; 2 --
sactions that are developments of traps only in the
upper part of the reservoir; 3 - the same, of traps
only in the lower part; 4 -- the same, of traps in both
the upper and lower parts and of the coaly-clayey section
between them (isopachous lines of clayey rocks were drawn
every 2 m); 5 -- sections that are teplacements of the
reservoir by dense rocks; 6 -- outer oll pool outline;

7 - inner oil pool outline; 8 - pressure wells.

The monolithic reservoir on the Novokhazinskaya area has a smaller extent

than on the Arlanskaya and is encountered mainly on the northern and eastern
wings of the structure (Figure 28). On the main part of the structure, how-
ever, two layers.of traps predominate, separated by argillite with a
thickness of 1.2 m (on the south) to 7,2 m (on the north), Zones where there
are no traps intersect in a narrow band the central psrt of the area.
They are encountered in isolated spots also in the southern part of the area
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(7 percant of the wells drilled). Traps on the Novokhawinskaya area
are more of the same type with respect to heterogeneity than on the Arlan-
skaya, The arenosity coeffliclents fluctuate from zero to 0.41, the
coherence coefficients from 0,74 to 1 and the zonatlon coeffiolents from
1425 to 2.6 (Table 2),

Table 2. Coefflclents of heterogenelty of the Bobrikovsko-Radayevskly
deposits (reservolr C-VI) for sections of the Novokhazinskaya area

L
L

A D yYuacrun
Koxbduumenr : | 2 3 \ s | p 7
. 1 Ileeyamtctoctn 0,4110,36 | 0,5t 0,27 10,37 | 0,40 [ 0,14
2 Coasanuocti 0,980,740,98)/0,83]0,99]0,05| 1
3 Pacuacuennoctn 1,9 f1,0000,4 | 1,4 1,251,726
Key: A < Coefficient 1 == Arenosity
B -~ Sections 2 == Coherence

3 <« Zonation

East of the Novokhazinskaya area, at the Andreyevskoye oil deposit the thick- -
nesses of the traps increase from 4 to 25 m from the vault of the struc-
ture toward the limbs, The producing reservoirs also are heterogeneous, and
two Interstratifications are distinguished in the section--C-VI, and c-v12,
which are further broken down into several layers. On areas of the Dyur=
Zyullnskaya group of deposits the thicknesses of the traps are mainly

-12 m,

The second zone of traps of reservolr C-VI includes the Sauzbashevskoye
and Mancharovskoye deposits and the Chekmagushevskaya oil-bearing area adjacent
on the southeast. The thicknesses of the traps . Increase to 50 m¢ Thick-
nesses of 12 to 20 m predominate. No zones of replacement of .traps con-
slderable in area were discovered, In the section one can trace up to six
interstratification of traps with different characteristics. The
trap properties of the rocks are high on the whole., At the Mancharovskoye

. deposit the sections of development of interstratifications of traps in
the plane do not always coincide. The mean value of the arenosity coefficient
is 0.51, and of the zonation coefficient, 3.4.

Tuymazinsko-Shkapovskly Rayon, areas of the Serafimovskaya group, the Kopey-
Kubovskoye deposit, etc, are classified in the third zone. In that zone the
thicknesses of the traps fluctuates from zero to 25 m. The zones of
replacement of traps form extensive flelds and occupy a considerable
part of the area. Distinguished in the section are two interstratifications
of sandstones, characterized by inconstant, relatively poor trap proper-
ties and discontinuity of development., At times the sandstones of the two
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interstratifications converge and form a monolithic reservolr with a thick-
hess of 9 to 14 me In the central and northeastern parts of the ‘Nuymazinskoye

deposit are considerable zones of replacement of traps by dense rocks,
On a' large part of the area, traps with a thickness of up to 4 m are wide-
spread,

The producing reservoirs of the Tul'skly horizon on the territory of Bash-
kiriya have far less development than the Bobrikovsko-Radayevskiy, On the
basis of the predominant thickness of the traps and the presence of
lithologlcal and geophysical reference points two zones of producing reser-
voirs are provisionally distinguished,

In the first zone are reglons of Bashkiriya, ineluding the Novokhaz inskaya,

Or 'yebash-Cheraul 'skaya, Chetyrman-Igrovakaya, Kuzbayevskaya and other areas.

In sections of this zone tho total thickness of traps of the Tultskly

- horizon predominate over the thickness of traps of reservoir C.VI, and
in sectlons an interstratification of limestone with a thickness of 4 to 5 m
s noted; interstratifications of argillites 8,, 8 and 7 have correlational
value; reservolr C<II has relatively small thiéknesses (5 to 10 m) and wide
distribution over the area; considerable thicknesses of reservoirs C-1V, C-V
and C-V10 aro obgerved in some saections,

The second zone includes the Arlanskaya, Nikolo-Berezovskaya, Sauzbashevskaya
and other areas. In the sections of this zone the total thickness of

traps of the Tul'skiy horizon 1s equal or somewhat smaller than the thickness
of reservolr C-VI; in comparison with the first zone the reservoirs become
more clayey, limestone interstratifications disappear, and argillites acquire
the significance of lithological reference marks (8., 8, 7, 6, 3, 2); produc-
ing reservoir C-I appears in the sestion; the thlck\‘ess of the traps of
reservoirs C-11, C-1V, C-V and C-V1I' are reduced; the traps have a more
discontinuous character of development,

To the south of those zones (Tuymazinskoye, Shkapovskoye and also the Man-
charovgkaya group of deposits, etc) traps are not present in the section
of the Tul'skiy horizon,

Producing reservolirs of the middle member alsonoccur in both zones. Traced
in the base of the member is reservoir C-VIO, the greatest development of
vhich is observed on the Novokhazinskaya area of the Arlanskoye deposit,
Traps are discovered in the sections of 40 percent of drilled wells.
Their thickness fluctuates from 0.6 to 5,6 m, Predominant development of
sandy-siltstone rocks is noted on the eastern sloping 1imb of the structure;
in the vawit part, the traps are in the form of small lenses.

In the Arlanskaya area traps have been discovered in only 8 percent of
the wells drilled; a considerable portion of those wells is bayond the con-
tour of oil bearing of the pools, The thickness of reservoir C-VI¥ varies
from 0.6 to 3,6 m,
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On the Nikolo-Berezovskaya area, eraps have beon discovared in 18,3
percent of the wells drilled, Two thirds of them are in the water-saturated
part of the reservoir, The The trap thicknesses fluctuate from 0.6 to 2,2
Me On the whole, thicknesses of reservolr C-V10 of 1 to 2 m predominate at
the Arlanskoye deposit,

At the Andrayevskoye deposit the thickness of reservoir c-v10 fluctuates
from 0,8 to 3.4 m, The reservoir ls faclally variable and large zones of
replacement of wrap are distinguished,

Figure 29,. Diagram of the distribution of collectors of
reservoir C-V of the Arlanskoye oil deposit.

1 -- oil pools; 2 - water-bearing traps; 3 -~ sec-
tions of replacement of traps by dense rocks; 4 --
outer oll pool outlina.
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Reservoir C-V kas a wider distribution on isolated areas of the Arlanskoye
deposit (Figure 29), The reservoir thickness £luctuates from 0,6 to 5 m on
the Novokhazinskaya and to 3 m on the Arlanskaya and Nikolo-Berezovskaya
areass On a congiderable portion of the Novokhazinskaya area the zones of
development of  traps Of reservoirs C-V and C-VI0 coincide in the plane.

7,
-

2 b |
LD S
l////”// /%

WAL

Vi
fral

Figure 30. Diagram of the distribution of traps of

reservoir C-1IV of the Arlanskoye oil deposit, Designa-
tions as for Figure 29,

On the Chetyrmanskaya, Igrovskeya and Kuzbayevskaya areas, reservoir C-V has
a lenticular development. Its thickness reaches 6 m¢ On the Chetyrmanskaya
area the zones of traps are widespread in the form of two bands, At the
Andreyevskoye deposit the thickness of reservoir C-V fluctuates from 0,8 to
2,6 m; the rocks are sharply facially variable,
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Regervoir C-1V is lenticularly developed. It is most widespread on the
Nikolo-Berezovskaya and Arlanskaya areas (Figure 30). On the Novokhazin-
skaya area, traps have been encountered on small sections,

of reservoir C-IV0 have a limited distribution. The reser-
volr thicknesses do not exceed 2 m, There is a thin trap in the west-
ern Bart of the Sauzbashevskaya area. At all other deposits the reservolr
V-1v0 15 composed mainly of dense clayey limy siltstones. And only in the
sections of the Tatyshlinskoye and Yugomashevskoye deposits is . consider-
able development of the reservoir C-IV" observed. The total thickness of
the interstratifications of its traps in that region reaches 10 m, on
account of which an increase in the thicknass of the middle member on the
whole 1is observed,

The traps

The producing reservoirs in the medium member at all deposits of Bashkirlya
have strong zonation and sharp lithological-facial variability. For example,
the arenosity coefficlent of traps of the middle member of the Arlan-
skaya area is 0.21. This coefficient was determined as the quotient from
divigion of the total thi(d-kness of the traps of the producing reservoirs
c-1v0, ¢-v, C-1IV and C-VIY by the total thickness of the member. For the
area the value of the coefficient fluctuates in a wide range (Table 3),

Table 3 Coefficients of heterogeneity for reservoirs of the

middle member of the Arlanskaya area

2 Buaep#annocts naacton q‘lccu \ [&p
YuacTxy 1 . crocnr:l‘ u::::g:-;h
cive|cavlev |cvr
S Munrexuit 0,00 0,17 | 0,14 | 0,02 | 0,17 1,38
Haracockuit 0,0t { 0,61 | 0,56 |0,03| 0,22 1,71
AkTamsuiGanic Bekui 0,010,533 {0,650,07| 0,19 1,87
Caxonckuit 0,02 | 0,07 | 0,02 | 0,14 0,15 1,09
9 Apaauckuit (V) 0 |0,26]0,41]0,03]| 0,16 1,44
10 Apaasckuit (V) 0 (0,66059|003( 0,18 ‘1,84
11 Kpacsoit 0 |0,33]0,46]0,15| 0,10 1,48
12 Yprayasckuit 0,37 { 0,51 | 0,78 { 0,11 | 0,22 1,95
13 Hukoao-bepeaonckuil (If 0,03 | 0.57 { 0,50 | 0,11 0,21 1,27
14 Hukoao-Bepesonckuit (1) 0,13|0,45|0,68]0,09 0,22 1,77
Key: 1 -- Sections 8 -- Saklovskiy
2 -- Consistency of reservoirs 9 -- Arlanskiy (V)
3 -- Arenosity 10 -- Arlanskiy (VI)
4 -- Zonation 11 -~ Krayevoy
5 -- Ashitskiy 12 -~ Urtaul'skiy
6 -- Nagayevskiy 13 -- Nikolo-Berezovskiy (1)
7 -- Aktanyshbashevskiy 14 -- Nikolo-Berezovskiy (II)
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The zonation coefflolent for the middle part of the section indlcates the
number of reservoirs encountered simultaneously on one and the same section
of the Arlanskaya area, Its mean value for the area is 1.70. Testifying
to the great discontinuity of the producing reservoirs is the development
on the gsections of not more than two reservolrs out of four. The coef-
ilclont of lithologlcal consistency is subject to considerable variation
Table 3),

In the central part of the Arlanskaya area, combination of the traps
. of reservoirs C-IV and C-V in the plane is observed, Such mones have an
unusual form and in a number of sections merge with one another by narrow
channels. The area of their "joint" development amounts to 37 percent of
. the total area of development of traps and contains about 32 percent
of the total number of such reservoirs.

Reservoir C-V is distributed over 37 percent of the area, and reservolr
C-1V over 20 percent of the total area of oil-bearing traps. On a
conslderable part of the Arlanskaya area (about 40 percent) there are no
traps in the middle part of the section., Analogous correlations
between zones of development of reservoirs are observed at the Novokhazin-
skaya and other areas.

In view of the fact that in most sections of oil-bearing reglons of Bagh-
kiriya the upper part of the Tul'skiy horizon consists of carhonate rocks,

the traps of the upper member have relatively little davelopment,
Producing reservoirs of that member are encountered mainly within the second
zone,

Reservoir C-1II of the upper member is developed very widely in the northern
half of the Arlanskoye deposit, On the Nikolo-Berezovskaya area, traps
have been discovered in 46 percent of the wells drilled, on the Arlanskaya
in 23 percent, on the Vyatskaya in 638 percent, and on the Novokhaz inskaya
they have been replaced mainly by limestones. In the northwestern part of
the Arlanskaya area, sandy-siltstone traps of that reservoir are traced
in the form of lenses with a tiilckness of 1 to 6 m. On the Nikolo-Berezov-
skaya area thicknesses of 1.5-2.5 m predominate, and of 9 m on one section,

Producing reservoir C-II is widely distributed in comparison with other
reservoirs of the upper member, Sume reduction of the thicknesses of

. traps and areas of their development in northwestern direction (Figures
31 & 32) is observed at the Arlanskoye deposit, The traps are contained
in the sections of 87 percent of the wells drilled on the Novokhazinskaya,
83 percent on the Arlanskayz and 63 percent of the Nikolo-Berezovskaya areas.

In the main section of the Novokhezinskaya area sandstone thicknesses of &
to 6 m predominate, Sections with maximum thicknesses of 8 to 15 m are dis-
tinguished on their background. Noted in the region of the southwestern °
limb of the structure is an alternation of zones of the middle thicknesses
of sandstones with zones of thin traps and gections of their complete
replacement.,
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Figure 31, Diagram of the distribution of thicknesses of
traps of reservoir C-II of the Arlanskoye oil deposit.

-- sections of replacement of traps by dense rocks;

-- sections with a thickness of traps of zero to 8 m;
sectlions with a thickness of traps of 8 to 16 m;

-- sections with a thickness of more than 16 m;

-- outer oil pool outline,

VMW N -
1
'

52

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9

FOR OFFICIAL USE ONLY

uoT3IPmMI0y Snouadyiidy — ZT IIoM -- 8 uoTIB@IO] -~ &

Apjshsuiny — ¢1 Lpys, Tl — 11 w ‘yadag -- £ UuoZTiIOH -~ €

Apsaopiax — 4T Apiskazra —- 0T ITOAI3S3Y —- 9 98e3g -~ ¢

Apysaoqraqog — €1 snozajyuoqae) — 6 jaew 3JU2IIFIY —- G wayskg —- T :43)

°sauo3lspues
P2IRINIBS-TT0 — 4T $I0BIWOD [FO-193Mm —— €T &, LATHSAOPITRX,, YIBW 3OUBIBIAIX —- §Y201 L3ked -- ZI
$g MIeW IDWIIIIIIA — SYI0X L3LeTd — T[T g JIPW JDUAIBIIL —— SYJ01 LaLe[d —— QT $/ davm 2OuUa13zaa
— sqo01 L2feId — § £9 }IEW 2DUIT2III — $Yd01 L2LeLTD —~ § g NILW IDUIIAIIIA —— SYD01 LILBYD ~- [
¢ “y SHIem IDUDISIII —— SYJ0X KILETD — 9 $€ 7 SYIEW IDUDIBIDI1 —- SO0 L3LETD ~-- G {sI0a K3KeTd
~£TE0D — g $5)D01 UOISITIS — € $SI0IDITTOD SUOISPUBS —- T $SIUOISIWIT —— [ °Ed1E eABYSUBRTAY

9yl Jo 9y—9QS STT®m JO Sufy[ aYya Suore ayrjyoxd [edr8o7oan °3IFsodap Tro dAoysueray 2yl °*z¢ 3andr3

o[ 3)of= =l i B NS o

(I B s7777 B2 cE2) BB st pmwoanaty
- . euNNSGahRFMJ/
)
>
3
Sl
SIS
SISIS|S
REINE
< ~
SL. 81
e SFUZ IS
HORERNH
SNRYE
EXpNON I
ﬁw._w 6
™
3
acul m
e
2w i
) o
.Mwmumxm
g NNENE
HERAENNE
N EIIN R
x 3| I8} .
nuo coeget
o
8

53
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9

FOR OFFICIAL USE ONLY

In the eastern half of the central part of the Arlanskaya area a falrly

wide band of sharp fluctuation of thicknesses of reservoir C-I11 is traced
(from zero to 8 m). Narrow bands of highly permeable traps are noted,

On marginal sections and in the western half of the Arlanskaya area, zones

of sandstones with a thickness of up to 3.6 m are widespread. It 1s observed
that small lenses of dense rocks are confined to lines orlented in a north.
east direction, transversely to the course of the Arlanskaya structure. On
the Nikolo-Berezovskaya area, traps were encountered in its southern
part, The rock thlcknesses are 1 to 3 m, with maximum values of 7 m,

The absence in the section of reservoir C-11 of layers sustained in thickness
and area, in contrast with reservolr C-VI, creates the impression that the
traps of the reservolr are homogenaous over the entire area, Detalled
study of the sections shows that individual intervals of a thick reservoir
have different permeability and in essence are individual layers. According
to our data, in reservoir C-II on the Novokhazinskaya area, for example,
four Interstratifications are distinguished which are well comparable with
individual interstratifications of the Arlanskaya oil-bearing area (Figures
33 & 34)., On some sactions those interstratifications are in turn also
broken up, as a result of which an extremely heterogeneous thin-layer reser-
voir is observed,

At the Sauzbashevskoye deposit reservoir C-II, with a thickness of up to 5 m,
is distributed mainly in the southeastern part of the area. The reservoir
has a continuous lenticular structure, At the Cheral'skaya area the sand-
stones of reservoir C-II, which are sustained in thickness (4 to 6 m) and
area, are confined to the central part of the structure, On the limbs of
the structure the sandstones decrecase in thlckness, become clayey and are
replaced by clayey siltstones, Reservoir C-11 is more widespread on the
Chetyrmanskaya and Kuzbayevskaya areas (up to’9 m).

Traps of reservoir C-I, with a thickness of up to 4 m, are encountered
in the northern part of the Arlanskoye deposit. At the Sauzbashevskoye
deposit reservoir C-I is observed in the form of two lenses--in the western
part of the area with thicknesses of up to 1.8 m and in the southeast with
up to 2.4 m,

The thickness of the upper member on the Arianskaya area fluctuated from 8
to 20 m. A direct dependence 1s noted between the thickness of the member
on the whole and of the traps in it. The thickness of the terrigenous
part (in 80 percent of the wells), including reservoirs of sandstone, varies
from 11 to 16 m, When the thickness of the momber was below 11 m,

traps were discovered in 6 percent of the wells.

Values of the arenosity coefficient of 20 to 40 percent predominate over a
considerable portion of the area, Zones with values of the coefficient over
40 percent form a large band in the central part of the Arlanskaya area,
oriented from north to south and connected mainly with the presence of at
least 2 or 3 producing reservoirs. Large zZones with arenosity coefficients
of less than 20 percent are widespread in the west, north and east of the
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Figure 33, Diagram of the development
of gections of reservoir C-I1 of the
Novokhazinskaya area, 1 -- sectlons

of replacement of -traps by dense
rocks; 2 = gections where layers C-II
and C-IIH converge; 3 - gections where
the traps consists only of the layer
C-11,; 4 -- gsectlons where the trap
constts only of layer C-II,; 5 == sao~-
tions where the trap * consists of
layers C-II, and C=I1, with Interstrati=
fication of dengse rock between them;

6 -« sections where the layers of

traps C-IIB, C-IIH and C-IIIn ocon=

verge; 7 ~- gections where the layers
of traps c-nH and C-IIIII converge;

8 -- gections where layers C-1l, and
c-IIIII converge and layer C-IIB consists

of a trap; 9 =--gactlions where the
trap consists of layers C-IIB and

C-II.. .3 10 ~- gections where the

trap " “consists only of lcyer C-IIIII;
11 -- external oil pool outline;

12 -- internal oil pool outline; 13 --
boundary and number of sections,

of the area and outline the sections with a complete absence of traps

in the upper member.

The maximum value of the zonation coefficient (2.12) was noted in the ex-
treme west in the reglion of the settlement of Saklovo. Reservoirs C-I1 and
C-1I1 and also C-1 in part are widespread there (Table 4), The lowest mean

values of the zonation coefficient (1,11-1,21) are characteristic of mar -

glnal sections of the area, where reservolr C-II is mainly distirbuted, .
Therefore in place of the ooherence coefficlent, the coafficient of con-

. sistency was determined separately for each reservoir for the individual
sections (Table 4). The largest coefficient of consistency is character-
istic of reservoir C-II, and the smallestvalues are noted for reservoirs
C-I and C-1II, Since reservoir C-III is insignificantly distributed on the

area, 1ts coefficient of consistenc

to 0. 80)0

y fluctuates very sharply (from zero

At the Andreyevskoye deposit that coefficlent fluctuates from 0,05 in the
east to 0,66 in the west of the area, vhich indicates a weak hydrodynamic
connection of reservoirs C-I, C-III, C-IV and C-V,
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Figure 34, Principal types of sections of reservoir C-I1
of the Novokhazinskaya area.

1 -~ System 8 -- Cavernogram

2 -« Stage 9 -- Carboniferous

3 -- Horizon 10 -- Vizeyskiy

4 -- Formation 11 -- Bobrikovskiy + Tul'skiy
5 -- Reservoir 12 -~ Terrigenous

6 -~ Depth, m 13 -- Yelkhovskiy

7 -- Well 14 -~ Turneyskiy

At the Arlanskoye deposit the layers of terrigenous rocks in the lower Car-
boniferous were also encountered in the Aleksinskiy horizon, Sandy reser-
voirs were noted in the Aleksinskly horizon in 25 percent of the wells of
the deposit, The discovered zones of sandy traps consist of separate
lenses, different in size and shape (Figures 35 and 36), The thickness of
the sandstones reaches 14 m (Table 5).

Thicknesses of 2 to 8 m are encountered very often on the Nikolo-Berezovskaya
area and thicknesses of 12 to 14 m are known in isolated cases on the Arlan-
skaya and Novokhazinskaya areas (Table 5), Thicknesses of up to 2 m predomin-
ate on all areas.
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Table 4. Coefficients of heterogenelity of the upper member of sections
of the Arlanskaya area

Bunepwaniogts faactos 2 3 &
Yuaern 1 ol on P N t‘l:g::u
3 Awnre xu 066 | 0,61 | 0,3 | 2,0 0,2
6 Haraencxnh 0,2 | 0% | 0,07 | 1,32 | 0!8
Axtanmiubatuesexud 0,38 0,96 0,18 1,66 0,37
Caxaosexnft 0,40 0,82 0,80 2,12 0,31
. 8 Apaanexul (V} . 0,61 0,77 0,56 2,04 0,27
10 Apaaunexndt (V1) 0,51 0,82 0,12 1,64 0,31
11 Kpacsoh 0,12 0,563 0,03 1,21 0,27
i Vprayasexud 0,05 0,56 0 1,11 0,2
Hukono:Gepeaonckntt (lz 0,14 0,9 0,30 1,36 0,29
. 14 Huxoao-Bepeaoaerud (1) 0,40 0,61 0 1,31 0,27
Key: 1 == Sections 8 =« Saklovskiy
2 -- Consistency of reservoirs 9 -« Arlanskiy (V)
3 == Zonatlon 10 == Arlanskiy (V1)
4 -« Arenosity 11 -~ Krayevoy
5 == Ashitskly 12 -- Urtaul'skiy
6 -- Nagayevskiy 13 -- Nikolo-Berezovskiy (I)
7 -- Aktanyshbashevskiy 14 -- Nikolo-Berezovskiy (II1)
1.9 3/ S
N & 8
S
8 = -
§9
SRiEtt
FIEIEEN
HEHNE
il H ,

Figure 35, Geological profile along the line of wells 1454-607,

. Key: 1 -- Series 8 -~ Lower Carboniferous
2 -~ Stage 9 -~ Vizeyskiy
3 -- Substage 10 -~ Okskiy
4 -~ Horizon 11 -- Yasnopolyanskiy
5 -~ Formation 12 -- Tul'skiy
6 -- Depth, m 13 -~ Terrigenous
7 -- Well
57
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Table 3, Distribution of thicknesses of traps by number of wells
on the areas, %

4 Naouians
Moutsoetb, M Mik0n0: Beperonexan |".\mumnu ['tionoxaaunexan

6 Noauectso exsamny

0--2 416 68 7
24 1 12 17
46 -2 6 . 4
68 16 6 ]
8-10 4 4 3
1012 2 3 1
12-14 ] 1 —
Key: 1 -- Thickness, m 4 -- Alangkaya
2 == Area 5 == Novokhazinskaya
3 .= Nikolo-Berezkovaya 6 = Number of wells

Figure 36, Diagram of the dis-
tribution of sandy traps

of the Aleksinskly horizon of
the Alanskye oil deposit,

1 -~ section of development of
sandy traps; 2 -- oil pools;
3 -- zones of development of
limestones in contact with sand-
stones; 4 =« provisional bound-
ary of deposit.
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Thus the terrigenous formatlon of the Lower Carboniferous of the Arlan=
skaya and other oll deposits of Bashkiriya is characterized by a very
complex structure, Raservoir traps . have a heterogeneous structurae:

In the vertical section several reservoirs and interstratifications are
traced which differ considerably in their extent and trap properties
(permeability, oil saturation, clayeyness, atc), On indlvidual areas from
8lx to elght producing reservoirs are distinguished in the vertical section,
reservoirs which have independent importance. The maln reservoirs C-VI and
C-1I have the largest thicknesses and are widespread on all the areas.

Traps of the remalning reservoirs of the terrigenous formation have
small thicknesses and low collector properties. Often in very short dis-
tances they are replaced by dense siltstone roocks; the zones of development
of traps rarely coincide in the plane.

The lenticular development of producing reservoirs and interstratifications
of the terrigenous formation of the Lower Carboniferous (together with struc-
tural position) cause a complex position of the oil pool outlines of indi-
vidual pools,

On the example of the Arlanskaya and adjacent areas, in studying the hetero-
genelty of the structure of sections of the terrigenous formation of the
Lower Carboniferous, a direct dependence was found between the thickness of
the lithological members (lower and upper) and the total thickness of the
traps enclosed in them in the predominant range of thicknesses, No such
dependence was detected for the middle member,

The average values of the coefficlents obtained on the area are different:
arenosity for the lower member is 0.49, for the middle is 0,21 and for the
upper is 0.23; of zonation--1,92, 1,70 and 1,55 respectively; of coherence
--0,32 (for the lower member), These parameters indicate that in the section
of the terrigenous formation clayey varieties of rocks predominate, the pro-
ducing sections are considerably broken up and the connection batween the
producing reservoirs is weak. In addition, the mean values obtained on dif-
ferent sections of the area for all the members fluctuate considerably (the
arenosity coefficient by 2-2,2 times, the breakdown coefficient by 1,5-2
times, and the coherence coefficlent by 3 times for the: lower phase, and for
individual reservoirs confined to the middle and upper members the consistency
coefficient fluctuates by 6 and 3.6 times respectively),

Consequently the degree of heterogeneity of traps on the Arlanskaya area
is exceptionally high., Maps of the percentage content of sandstones together
with maps of types of sectlons of the reservoirs C-II and C-VI, and also maps
of the development of the traps of reservoirs of the middle part com-
bined in the plane, along with other data, serve as the principal starting
geological material in the planning and analysis of a development. Those
maps help to correctly solve questions connected with the disposition of
planned operational and pressure wells, to select the variant of effect on
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the pool with consideration of the discovery of all reservoirs and inter=
stratiflcations constituting the producing horizon and to designate the
ways to regulate the development.

Characteristics of Carbonate Traps

The principal distinctive features of carbonate traps will be consid-
ered on the example of deposits of the Middle Carboniferous of northwestern
Bashkiriya, which have a structure typical of the carbonates of Uralow
Povolzh'ye,

From the structure and dimensions of the void space three principal types

of traps are usually distinguished: porous, fissured and porous
fissured, Each them is characterized by special principles of separation
over an oll fleld geophysical unit. Many works containing both general and
specific materials for individual deposits have been devoted to the question
of separating layers of traps . and estimating their trap properties

by methods of oil f£ield geophysics [2, 14, 19, 24, 29, etc]. That questlon
has been worked out most completely of all for the ideal case of a thick,
homogeneous, porous carbonate traps. Taken as the basls for the separ-
ation of layers of trape with a standard oil fleld geophysical method
in that case are dlagrams of neutron gamma-logging, microsondes, the gamma-
method and PS [expansion unknown], NGM [neutron-gamma-method] curves, which
are in essence a function of the hydrogen content, characterize layers of
porous traps by intermediate indications of I within the range of
0.6 to 0,8, With microsondes those intervals are separated on the basls
of the positive divergence in the indications of micropotential-andmicro-
gradient-sondes or low resistances on the microgradient-sonde curve G<l°pc),
minimal values on the GM curve and negative anomalies on the PS curve.

Presented on Figure 37 are examples illustrating distinctive features of the
separation of porous traps on the basls of data of a standard oil fleld
geophysical method with regard to wells of the Arlanskoye and Igrovskoye
deposits.,

Much more complicated is the separation of layer traps of the fissure
and fissure-porous types. The difficulty in interpretation has, above all,
two causes: the complex distribution of voids and their confinement to dense
and clayey carbonate rock. Therefore the group of oil field geophysical
investigations used at present does not always give definite characteristics
for the establishment of the types of traps under consideration.

For the distinguishing and determination of secondary porosity* the method
of complex interpretation of diagrams of electro- and radiometry has been

*By secondary porosity is understood the hollowness of fissures and caverns,
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Figure 37, Separation of layers of traps of Middle Carbon-
iferous deposits of northwestern Bashkiriya according to results
of lithological-petrographic and oil field geophysical investi-

gations. Types of traps; . I - porous, 1I - fissure, III -
porous-fissure. See key on page 61,
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Figure 37, key:

1 =« Stratigraphy A == Arlan, well 122
2 =« Producing reservoir B ==~ Igrovka, well 23
3 -- Lithology and trap type C =« Chetyrman, well 36
4 == Depth, m D == Chetyrman, well 21
5 =« Miorosonde E =« Chetyrman, well 4
6 -~ MGZ and MPZ F = Chaetyrman, well 33
7 =« NGM and GM
. 8 -« KS 13 == Podol'skiy horizon
9 -. SP 14 -~ Kashirskiy horizon
10 -~ ohmem 15 == Vareyskiy horizon
11 «» imp/min 16 -~ Cavernogram
. 12 == mV 17 -- Bashkirskiy stage

developed by Ae M. Nechay [29] and widely introduced for the deposits of
the Caucasus, In Middle Carboniferous deposits that method has not been
used due to the considerable heterogeneity of carbonate deposits and the
impossibility of determining Pp with sufficlent precision by BKZ in reser-
voirs with a thickness of less than 2 m,

The authors recommend the separation of fissure and fissure-porous traps

in accordance with the totality of the following characteristics: higher
indications of the NGM diagrams (Ir from 0.7 to 0.9); positive PS anomalies
and high values of natural gama-acgivity; medium i valuesj absence of
increments on the microsondes,

Those features are also characteristic of dense carbonate rocks. In that
case BKZ and BK curves can introduce some clarity, The value of 0. Ina
dense section determined with them will be considerably higher thaR in a
reservoir with fissure and fissure-porous types of traps.

In principle, various methods of radiometry can be used to determine the
porosity of porous carbonate rocks: the neutron gamma-method (NGM), the
method of the density of thermal neutrons (NM_), the method of the density
of ‘epithermal neutrons (NMe ), the gamma-gamma-method (GGM), the gamma-
method (GM) and the tagged-flquld method (7, 14, etc].

In the carbonate traps of Bashkiriya the NGM and GM methods are mainly

- used in estimating the coefficient of porosity. For Kashiro-Podol'skoe
deposits the effectiveness of NGM porosity determination has been evaluated.
The value of the mean relative error proved to be 31,4 percent for the
single reference horizon method and 16,2 percent for the method of two refer-
ence horizons [19].

Besides manual interpretation of oil field geophysical investigations, com-
puters can be used to separate porous traps and determine their porosity
) [3]. The successful solution of this question starts from the possibilities
of using the basic principles of manual processing with the help of the computer,
63
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In the manual separation of permeable layers the following principle is
adopted: intervals having minimal and high NGM values for high GM values
were considered a nonstrap and intervals having mean indications on
the NGM curve (I from 0.6 to 0,8) were taken to be a trap. To

B establish a more of less distinct boundary between the low, medium and high
NGM values, for further computer operations the definition of a "zero" line
on the NGM curve was introduced, corresponding to the lower limit of poros-
ity of the urap, that is, I, = 0.6 to 0.8,

To separate the GM indications into low, medium and high the medium line
was taken, drawn parallel to the axis of depths (abscissas) with an ordinate
equal to the minimum NGM indicatlion against a trap with a very high
porosity. In determining porosity by computer a graphlc method was used
(Figure 38) [3].

Then a combined program was compiled for separating traps and determin-
ing their porosity with the computer. The results were printed in the form
of a lithological column in which traps and non-traps were dis-

tinguished, after which the porosities of the noted layers were printed.
The following numeric materlal was referred to the main memory of the com-
puter: the NGM indications on the axis of depths every 0.4 m in the interval
in question and the GM indications in the same interval.

Block diagram of program

1 Bsoa nporpamuul, BBOR
YHC.I0BOTO MATepHana,
nepeso 3 10——-2

, 2 Onpeenchue «Hyaesofts
- JIHHHH @, NeyaTb

4
3 Iposepka pasHocTH (ai—

@) HAa SHAK
>0 >0
4 On;enencnue no- 5 IMpouepxa pastoct (bi—bo) 6 Meuars koanexToOpa
PHCTOCTH, Me¥aTh Ha 3HAK |
70c a. Coerumk axoxneiHR

at min

-- PROGRAM INPUT, DIGITAL DATA INPUT, DECIMAL-BINARY CONVERSION
-~ DETERMINATION OF "ZERO" LINE ¢.,, PRINTING

-~ CHECKING OF DIFFERENCE (0.1 - o, )FOR SIGN

DETERMINATION OF POROSITY, PR?NTING

-- CHECKING OF DIFFERENCE (b, -bo) FOR SIGN

-- PRINTING OF COLLECTOR
-~ REGISTER OF FINDING O

Key:

~NoupPp W
]
1

im in

8 ~- STOP

64

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9

FOR OFFICIAL USE ONLY

Figure 38, Nomogram for RK determination of porosity of
carbonate deposits,

The data of Table 6 show that for more or less homogeneous rocks (for ex-
ample, well 162, intervals 787,2-800 m, 808-810 m, 810.0-812,4 m, etc) the
layers of traps and non- traps separated "manually" and by com-
puter and the values of their porosity coincide in the main. In strongly
heterogeneous layers consisting of frequent stratification of rocks of dif-
ferent lithological composition and trap properties, for example, in
well 227 (interval 802-812 m), there are considerable divergences hoth ir
the separated thickness of the traps and in the value of their porosity.
In those cases it is difficult to obtain a correct estimate of the results
by either "manual" or computer processing.

Comparison of the porosity values obtained by the NGM with core data shows
that errors are possible in both manual and computer data processing. As

a result of analysis the authors concluded that it is inadvisable to use a
¢ computer to interpret carbonate reservoirs strongly heterogeneous in litho-
logical composition and trap properties. In carbonate reservoirs of
more or less homogeneous structure that method is applicable and gives use-
ful results,

To study the trap characteristics of porous layers, along with the use
of geophysical methods a detailed investigation was made of cores from pro-
ducing reservoirs of the Middle Carboniferous of northwestern Bashkiriya.
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Table 6, Comparison of the results of machine and "manual" processing
of oil fleld geophysical dlagrams of the Kashiro-Podol'skoye
sediments of tht Arlanskoye deposit

1 Pywnax o6pabotra | 2 Maununan o6paGotka
A 6 &) Mou
%,',% Hutepnaa, :‘ ﬁh‘i‘i‘f n”"g{“"" tnrepsan, M m%xl?. Topueroctls, %
1
204 | 785,2—-793,0 | 7,8 7Hmm.'l.'uzmop 785,2793,6 | 8,4 | Hexonaexrop
,793,0--795,0 | 2,01 11 793,6~-795,0 | 1.4 14
795,0—-810,0 | 15,0 | Hexkonnexktop | 795,0—-802,4 | 7,4 | Hukoanexrop
802,4--810,4 | 8,0 15
810,0~813,0 3 35 810,4--812,0 | 1,6 30
813,0-822,0 9 | Hexoaaekrop | 812,0~822,0 | 10 Hekoaaexrop
188 | 779,6--792,0 | 12,4 | Hexonaexkrop | 779,6-~792,8 | 13,2 | Hekoasexrop
792,0-794,0 2 15 792,8--794,4{ 1,6 15
.| 794,0-800,0 6 | Hexvanckrop | 794,4—800.8 | 6,4 | Hexoarexrop
800,0-802,0 | 2 1 800,8~-802,2 | 1,4 16
802,0—805,0 | 3 | Hekoasextop | 802,2--805,6 | 3,4 | Hexkoarexrop
805,0~807,0 | 2 15 805,6--807,2 | 1.6 15
227 | 779,2-794,2 | 15 | Hexoancktop | 779,2—794,2 | 15 | Hekoanextop
794,2-795,0 | 0.8 11 794,2—-795,4 | 1.2 14
795,0—802,0 7 | Hexo.aekrop { 795,4—802,0 | 6,6 | Hexoaaextop
802,0—812,0| 10 21 802,0—-803,4 | 1,4 |8 Koanrexkrop
803,4—801,8 | 1,4| Hexorrexrop
804,8—-806,1 | 1,3 18
806,1--806,8 | 0,7 | Hekoaaekrop
806,8--809,0 | 2,2 25
809,0—-809,8 | 0,8 Hexoaaektop
809,8—810,2 | 0,4 | Koaackrop
810,2.-810,6 | 0,4 | Hekoaextop
810,6-811,6 | 1,0 | Kotacxrop
812,0-821,6 | 9,6 | Hekvnextop
162 | 787,2—800.0 | 12,8 | Hekoaaekrop | 787,2—800,0 | 12,8 | Hekoaaexop
800,0—802,0 2 12 800,0—801,2 [ 1,2 15
802,0—808,0 6 | Hekoracxtop | 801,2—808,0 | 6,8 | Hexoraexrop
808,0-810,0 13 808,0--809,6 | 1,6 15
810,0—812,4 | 2,4 | Hexoanekrop | 809,6-813,2 | 3,6 | Hekoaaextop
812,4-827,2 | 12,8 » 814,8—-827,0 | 12,2 »

Key: 1 -- Manual processing
2 -- Machine processing
3 - Well
4

-- Interval, m

-=- Thickness, m
-- Porosity, 7%
Non-collector
-- Collector

OO0 wm
]
]

Producing reservoir 01 (I) of the Bashkirskiy stage contains all three types
of graps. The porous-fissure and porous types predominate and consti-
tute 51 and 34 percent of the volume, and the share of the fissure type is
15 percent,
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Porous traps are characteristic of blomorphous and dolomitic lime-
stones, In blomorphous 1limestones the pores are confined to cavitles
_in organic residues and to interorganogenous interstices of slitlike and
irregular form. Pores are hollow and open, some are lsolated, and others
are connected by means of intergranular spaces. Pore dimensions vary
from 0,015 to 1 mm, pores from 0,015 to 0,15 mm in size predominate (fine-
pored), and pores partially or completely filled with oil, gypsum and
more rarely calcite are encountered at times. In dolomitic limestones
the pores usually are intergranular, often hollow or filled with coil, and

. their dimenslons vary from 0.25 to 0,8 mm (medium-pored or more raraly
coarse-porad),
. Traps of the fissure type are encountered more rarely., They are con-

fined mainly to detritus-slime linestones. On slides the fissured charac-
ter of rocks is expressed by single fissures, The maximum size of their
opening does not exceed 1-1,5 mm, Microfissures are divided into two types
--tapering off and alightly tortuous., Fissures with an opening of 1 mm are
usually clean, and fissures with an opening of 0,02-0.1 mm often reveal
traces of the migration of oil and mineral solutions, Macrofissuring is
observed at a number of areas of northwestern Bashkiriya., The presence of
both vertical (secant) and horizontal fissures has been noted.

The special importance of fissues is that they, without increasing substan-
tially the capacity of the traps, play a considerable role in inereasing
their permeability. z

Pourous-fissure traps are encountered very often, They are character-
istic of organogenous-detrital, cloddy and partially blomorphous limestones,

In organogenous-detrital and biomorphous limestones the pores are confined
- to the organic residues and to the cementing material. Thelr form is ir-
regular and their dimensions are from 0.015 to 0.25 mm (fine-pored)s, The
size of the opening of microfissures is mainly from 0.05 to O.1 mm, Fis-
sures serve as connecting chhnnels between separate pores (connective);
tapering out pores are encountered more rarely, In cloddy limestones
the pores are confined to the intercluster residues and more rarely to
cavities in the organic residues, and their dimensions vary from 0.015 to
0.5 mn, The form of the pores is varied, often extended. Microfissuring
is weakly developed and mlcrofissures are partially filled with calcite,

. more often with dolomite., Hollow open microfissures are encountered more
rarely. In samples of rocks at the Igrovskaya and Karacha-Yelginskaya areas,
single open cavities with dimensions of 2 to 4 mm have been encountered in
cloddy limestones.

Of secondary processes, calcitization, sulfatization and dolomitization are
widespread; pyritization and silicification of rccits are not considerable.
Dolomitization usually contributes to improvement of collector properties,
but other secondary processes considerably reduce the volume of the pore
space of rocks.
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A rock trap of the porous or porous-flssure type In a producing reser-
voir lles, not in monolithic layers, but often in a thin alternation with
dense rock (from 0.01 to 2 m). Traps of the flssure type are more
often confined to layers of dense rock., The trap properties of rocks
fluctuate within broad limits: the porosity from 1 to 21 percent and the
permeability from zero to 43 mD,

To divide rocks into the producing and nonproducing, data obtained in the
study of the trap properties of rocks to determine the lower limit of
porosity were processed, Used in the systematization were the recommenda-
tions of M. N, Kochetov [21], the basis of which ls the principle of corre-
lation analysis. It is assumed provisionally that traps with a perme-
ability greater than 1 mD are industrially productive. Figure 39 presents
a graph of the correlation between porosity and permeability which shows
that samples with a permeability of less than 1 mD have a porosity below

9 percent, The indicated amount of porosity can be taken provisionally as
the lower limit of porosity of traps of a producing reservoir. Samples

- with less porosity should be classed as non-traps,

gk ul gk ud
2 2
] []
-2 " i n ,‘-z Y 1 1 1
T 20 u 2 683 ] 20 8 m%
Cpdy+ Oy Chg+ Chy
2L
5" 0
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’.._.._._..-——
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[ [ 2 m%

0 ' "%
O

Figure 39. Correlation between permeability and porosity for
producing reservoirs of the Middle Carboniferous deposits of
northwestern Bashkiriya,

The correlation between permeability (k) and porosity (m) is established
with the procedure described in the work of Ye., I, Semin [34]. The mean
value ?f the coefficient of proosity for the traps of producing reser-
voir C1(1) is 13.6 percent at a standard deviation G = 0.15, and the per-
meebil%ty is correspondingly 45 mD at o, = 0.07.

It has been established that in the interval of mean values of porosity the
permeability has the following dependence, 1g k = 0.08 m + 0,563, Corre- -

spondingly the porosity m = 5,3 1g k + 4,83, where X 1s the permeability
in oD and m is the porosity in percent. The cited formulas can be used to
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estimate the lacking characteristiecs of tray properties of producing
reservoirs when the analysis of samples is 'incomplets.

The study of the trap properties of producing reservolr cl (1) was
carried out, besldes with labovatory investigations, on NGM dlagrams pro-
cessed "manually" and by computer with the above-described methods, The
determination of porosity in 108 wells showed good agreement with the core
data, The mean porosity is 13,6 percent from 147 core determinations and
14,2 percent according to the geophysical data,

In the course of practical work with NGM dlagrams, during thelr correlation
with the glven value, it was found that the oriterlion for relating layers to
traps according to the NGM is the relative parameter I o in a value
lower than 0,7. Corresponding to those intervals are the i brun oM indi-
cations, negative PS indlecations and positive increments on the MZ curves.
Thogse features characterize the porous and pore-fissure types of traps.

The presence of the fissure type of traps was established in the same
group of investigations but with a somewhat different characterization.
Whereas the fissure type according to data of lithological and petrographic
investigations is in the main confined to layers with a denser variety of
rocks, the intervals with the fissure type of trap register NGM curves
with a value of the parameter 1 oy Of 07 to 0.9, mean values of the apparent

s resistances and an absence of increments on the microsondes, In those cases
the indications of the PS curves are positive and the GM indiocations are
increased,

It must be taken into consideration that in sectlons of reservoir C; (1) a
fine stratification of rock traps and dense varieties with ambiguous
logging characteristics is encountered in many wells.

In the case of predominance of a trap over dense rock in the interval

of thickness greater than 0.5 m, the standard set of oll field geophysical
investigations registers the given interval as a trap. If single thin
layers of traps are bedded among dense rocks, the same set is designated
as dense rock., Examples of the separation of traps of the three types
in a section of producing reservoir c, (1) are presented on Figure 37,

In producing reservoirs Cvr2 and Cvr, of the Vereyskiy horizon three types
of traps . also are encointered: the porous makes up 56 percent of the

¢ volume of the traps, the porous-fissure 40 percent and the fissure type
4 percent,

Traps of the porous type are characteristic of biomorphous, oolitic,
organogenous-detrital limestones, limy sandstones and dolomites, The pores
are confined to the voids in organic residues and to interorganogenous and

intergranular spaces. Some hollow pores are isolated, others are connected
directly with the intergranular spaces, and pores are encountered that are
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filied with oll, calcite and gypsum. The pore dimensions vary from 0,015 to
2 mm or more. Medium-pored varieties of rocks with a diameter of 0,25 to
0.5 mm are widespread in that reservoir.

Traps of thae flssure type are not widespread, They have been encount-
erod in individual slides of detritus-slime limestones. Microfissures are
slightly tortuous, with an opening of up to 0,02 mm.

Traps of the porous-fissure type are characteristic of organogenous=-
detrital, blomorphous and coagulated limestones, The pores are confined to
the intercoagulate sections and voids in the organic resldues and to the
cementing material, The walls of the pores are slightly tortuous, of slite
like and irregular form, with dimensions of 0,01 to 0,6 mm, and fine-pored
walls predominate, Serving as the connective channels between pores are
microf issures up to 0,08 mm in size, and tapering out fissures are encountered
more rarelye.

The trap properties of the characterized rocks are considerably reduced
because of the development of secondary processes -- calcitizatlon, sulfati-
zation, silicification and pyritization, The process of dolomitization,
contributing mainly to increase of the volume of the pore space, is rarely
manifested,

For reservoirs Cvr, and Cvr the maximum porosity is 24 percent and the maxi-
mum permeability 1S 485 mD,” The largest percent of permeable samples is
limited to the range of porosity values from zero to 12 percent (Figure 39).
- The lower limit of the porosity is 12 percent. When the porosity is greater,
increase of the humber of impermeable samples of the core is designated.

The conducted analysis shows a falrly close connection between the porosity
and permeability (the correlation coefficlent is 0.89), on the whole charac-
terizing the porous type of traps of reservoirs (hrr2 and Cvrs.
The mean values of the porosity and permeability for the rockl traps of
producing reservoirs Cvr and Cvr, are higher than those of C (1) The
porosity coefficient of the rock™ traps of producing reservoirs is 18.4
percent at a standard deviation O of 0.3. The corresponding permeability
coefficlient is 75 mD at Ok =1,

The equations of the curves determining the mean values of the porosity and
permeability for producing reservoirs are: i = &4 1gk+ 10,65 lgk= 0.04 m

+ 1.9.

To separate layers of traps’ we recommend taking as a basis MZ diagrams
since NGM and GM indications are distorted by the presence of a large amount

of terrigenous material, due to which it is necessary to introduce correspond-
ing corrections when they are used (Figure 37,
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The carbonate rocks of producing reservoir Cvrl contalin two types of
traps: porous and porous-fissure,

The traps of the porous type are connected mainly with bimorophous and

- organogencus~detrital limestones, The pores are confined to the intercoagu-
late sectlons, the volds in the organic residues and the cementing material;
the pores are open and their dimensions are from 0,01 to 0.2 mm,

Traps of the porous-fissure type are characteristic of all varieties
. of carbonate rocks of the reservoir Cvr,. The pores are confined to the
volds in organic residues, interorganogenous and intergranular spaces, Fine-
pored varieties with pore dimensions of 0,01 to 0.4 mm predominate. Micro-
. fissures serve as the connective channels between pores, Of secondary pro-
' cesses, sulfatization and caleitization are widespread.

In the producing reservoir Ck, of the Kashirskiy horizon two types of
traps are encountered: porous and porous-fissure.

Traps of the porous type are connected with bimorphous, organogenous
detrital and dolomitic limestones, The pores are confined to organic resi-
dues, the cementing material and intergranular spaces} their dimenslons are
from 0,03 to 1 mm, and the medium-pored predominate with regard to pore
dimensions,

Traps of the porous-fissure type are characteristic of the same rock
varietiess The pores are confined to voids in the organlc residues and to
the cementing material; their form is irregular and they have dimensions of
0.16 to 1.4 mm, The pores are often connected by narrow and tortuous chan-
nelss In the dolomitic variety the pore space is of the intergranular type
and is mainly of round form, with pore dimensions of 0,05 to 0,2 mm,

Of secondary processes, dolomitization and sulfatization are fairly strongly
developeds The latter considerably reduces the trap properties of the
rocks.

The porosity of productive reservoirs Gk, and Cvr,, which are similar in

- their lithological and petrographic composition ‘and are of the trap
type, varies from zero to 25.1 percent. Their permeability reaches 780 mD,
The lower limit of porosity is 12.4 percent (Figure 39).

The mean value of the porosity coefficient for the rock traps of pro-

ducing reservoirs is 19 percent at a standard deviation O, of 0.4. The mean
values of the porosity and permeability can be determined with the equations:
lgk= 0,091 m + 0,117; m = 4,7 1gk+ 11,42,

The layers of traps in producing reservoirs Ck, and Cvr, are fairly
clearly distinguished in logging investigations (Figure 37), They are often

noted from low NGM indications (Ir 1 below 0.7 according to a limit of
porosity of 12 percent), reduced fndications of the apparent resistances,
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positive mlcrosonde increments and reduced indicatlons of the GM values

and negative PS anomalies, which indlcates an absence in nature of consid-

erable admixtures of clayey material, The layers of dense rocks are marked

by higher indlcatlons of the apparent resistances, and their Ir values on
el

the NCM curve above 0.7,

Producing reservoirs Ck2 and Ck3 contain all three types of cottectors,

Traps . of the porous type are characteristic of dolomites and more rarely

of limy dolomites, The pores are confined mainly to the intergranular spaces, *
thelr dimensions are from 0.0l to 0.6 mm, more often they are isolated but

those connected by means of intergranular spaces are also encountered,

Traps of the fissure type are observed in both limy dolomites and in
organogenoug-fragmentary dolomites, The pores are of the intergranular type,
usually open, at times connected by fissures (0,02-0,06 mm), They are con-
fined to the organlc residues and the pore dimensions are from 0,02 to 0.8 m,
Of secondary processes, sulfatization and calcitization, which lower the col-
lector properties of rocks, are widespread,

The maximum amount of porosity is 31 percent and that of permeablility is

230 mD, The largest quantity of impermeable samples is encountered in the
porosity range from zero to 9 percent, The curve (Figure 39) characterizing
the regular connection between the porosity and permeability values registers

the presence of a low limit of porosity at the point corresponding to a value
of 9 percent,

The mean porosity is 15 percent at a standard deviation O of 1, and the per-
meability is 47 mD at O, = 0,03. The mean values of the " porosity and per-
meability of the rock traps of producing reservoirs can be determined
with the equations: m = 5 lgk+ 6,643 lgk= 0,08 m + 0,47,

In the separation of layers of traps in producing reservoirs Ck, and
Ck, one should be oriented mainly toward microsonde diagrams, as the encoun-
tered thin layers (up to 0.5 m) of traps are bedded among dense fairly

thick rocks and do not give a clearly expressed differentiation on the NGM
and GM curves. "

_ In the deposits of the producing reservoir Sk, of the Kashirskiy horizon,

all three types of traps have been encountered,. ‘Traps of the .
porous-fissure type predominate (65 percent of the total volume of the col-
lectors), the porous amount to 20 percent and the fissure type amount to a

total of 15 percent,

Traps of the porous type were encountered in dolomites, the biomorphous
and in fine-grained limestones. The pores, of mainly circular form, occupy
the Intergranular spaces and have dimensions of 0,05 mm. Connection of the
pores is assured by thin gaps between adjacent grains,
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The pores in blomorphous 1imestones penetrate the rock irregularly and are
confined to the Interorganogenous and intra~organogenous spaces, Their
R dimensions are 0,3 mm on the average,

Traps - of the fissure type were encountered in fine-grained dolomites
and micro-grained limestones, The fissures went in varlous directlons:
they were vertical, steeply dipping, dlagonal and horlzontal. Many of them
are grouped in systems--open fissures and mineral (sulfate and bituminous).
Open fissures are developed sporadically, in lsolated cases forming inde-

. pendent systems, Mineral fissures taper out in short distances.

The f£issure type of Yraps of reservoir Ck1 is encountered together with
. the porous,

Traps of the porous-fissure type are encountered in all the 1ithologlcal

varieties of the rocks, The pores in the rocks usually are distributed ir-
regularly, and their form is from slitlike to circular, at times almost
sphericals A considerable portion of the pores is developed on account of

the leaching of organic residues, The pore dimenstions are from 0,02 to 3 mm.

Side by side with effective microfissures, mineral fissures are widespread
in the dolomites and limy dolomites.

Fissures characterized by different form and non-identical dimensions of the
median sections (1-5 mm) are wldespread in the structure of the void spaces
In the rock they have a chaotic orlentation, as a rule. Among the cavities
both communicating and isclated cavities are encountered in different ratios.

Of secondary processes, sulfatization, silicification, calcitization and to
a lesser degree secondary dolomitization are strongly developed.

Layers of traps of all three types are distinctly separated with the
oil fleld geophysical data; they correspond to lower indications of the
apparent resistances and positive increments on microsonde diagrams, and
also negative amplitudes on the PS curve and lower indications on the NGM
and GM curves (Figure 37).

In the producing reservoir Cpd, of the Podol'skiy horizon, traps of the
porous-fissure type predominate,

Traps of the porous type are encountered in coagulate, cloddy and bio-
morphous limestones. The pores are confined to the interorganogenous and
intraorganogenous spaces., In form they usually are irregular, more often
circular, with dimensions of up to 0.3 mm. In most cases the pores do not
comnunicate with one another, But sometimes communication is accomplished
by means of narrow interorganogenous gaps.

Traps of the fissure type are confined to the fine-grained limestones,
dolomites and sulfate dolomites. They have limited development. Open fis-
sures have been noted, The maximum parameters are: B = 0,06 mm, m e "
= 1,47% and T = 440 tr/m, The mean parameters of bituminous fissures are:
73.
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B = 0,05 mm, m , = 0s11% and T = 68 to 77 tr/m, Mineral fissures are poorly
developed and ~ their dimensions are very low.

Traps of the porous-fissure type have been encountered in all the
enumerated varieties of rocks, Pores are confined to organogenous, inter-
granular and interorganogenous spaces; they are slitllke and circular in
form, Pore dimensions vary from 0,01 to 2 mm, with mean dimenslons of
0.025 to 0.5 mm, Pores are connected by micro fissures which have openings
that reach 0,08 mm, Of secondary processes, sulfatlzation, siliclfication
and dolomitization are developed.

The trap properties of rocks fluctuate in broad ranges: porosity from
1 to 37 percent and permeability from zero to 890 mD, The values of the
impermeable samples wetre limited to the porosity range of l-11 percent. The
graph of the dependence between porosity and permeability (Figure 39) shows
that samples with a permeability of less than 1 mD have a porosity of less
than 11 percent, That value is taken as the lower limit of porosity of col-
lectors.

The mean value of the poroslity coefficient for rock traps of the pro-
ducing reservoirs Cpd, and Ck1 is 23 percent at a standard deviation O  of
1.64, The correspond?ng valué of the permeabllity is 48 mD at O, = o4,
It has been established that in the interval of mean values of the porosity
the permeability has the following dependence: lgk= 0,04 m + 0,761; the

porosity is m = 10 lgk + 6,19,

Figure 37 presents an example of the separation of layers of traps in
producing reservoir de3 obtained from oil field geophysical data,

Thus in the section of the Middle Carboniferous deposits of northwestern
Bashkiriya three types of traps are encountered: porous, porous-fissure
and fissure, In the deposits of producing reservoir C5 (I) of the Upper
Bashkirskiy substage all three types of traps were encountered, but
traps of the porous-fissure type predominate. In producing reservoirs
of the Vereyskiy horizon Cvrl, Cvr, and Cvr,, porous predominate, more rarely,
porous-fissure and still more rare%y, the f?ssure type of traps. In

producing reservoirs of the Kashirskiy horizon Ckl, Ckz, Ck3 and CkA, and

also in producing reservoir Cpd, of the Podol'skiy horizon, the principal
types of traps are the porous-fissure and the porous, and fissure
traps are rarely encountereds Thus the porous type of traps predomin-
ates in the Middle Carboniferous deposits.

. The trap properties of producing reservoirs fluctuate in wide ranges.
Permeability values vary from zero to 890 mD and porosity reaches 37 percent.
It is evident from Table 7 that producing reservoirs Cpd, + Ckl and Cvr, +
+ Ck, have_ better trap properties, and reservoirs'Ck, +7Ck,, Ck,"+

Cvrl and Cé (1) have worse,
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Table 7. Numerical characteristics of carbonate collectors of the
- Middle Carboniferous daposits of northwestern Bashkiriya
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5 -- Lower limit of porosity, % 9 -- formulas of characteristics

Regularities in the Distribution of Carbonate Traps
and Their Heterogeneity

A special feature of producing carbonate reservoirs is their considerable
heterogeneity, caused mainly by variation of the lithological-facial and

trap  characteristics,

Heterogeneity of producing reservoirs over a section

is expressed most often in a complex alternation of layers of dense rock and

rock traps,

Heterogeneity over the area is registered by change of the

lithological-facial and collector properties, and also by considerable fluc-
tuations of the thickness of traps.

- Taken as the principal parameter in the study of the heterogeneity of pro-
. ducling reservoirs was the effective thickness of the layers of traps,

determined from geological and geophysical data.

tative characteristics of the heterogeneity of the studied reservoirs the

following parameters were calculated:

To determine the quanti-

1) the breakdown coefficient, which shows the ratio of the number of layers
of traps in all wells to the number of wells

fx

kp=—;

fc

2) the coefficient of "granularity" (analogous to the coefficient of arenos-
ity), that is, the ratio of the total thickness of the layers of traps
to the total thickness of the reservoir for all wells

SHy

L EHoowm '

75

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9

FOR OFFICIAL USE ONLY

3) the coefficlent of entropy, determined with the function

s, Pilg P

H,:A-—“"g"&""‘t

where P, is the frequency with which layers of traps with a certain
thickness are encountered.

Studles of distinetive features of the structure of producing reservoirs with
the use of the cited coefficlents and the regularity of the distributlon of
the traps in them are being made on the Middle Carboniferous deposits of
northwestern Bashkiriya.

Producing reservoir C; (I) 1ies in the upper part of the Upper Bashkirskiy
substage, It is regidnally covered by a reservoir of limy argillites and
marls lying mainly at the base of the Vereyskiy horizon. The thickness of
those rocks is not identical; in the western part of the region studied it

is small (2 Or 3 m) and in the east it reaches 6 to 8 m¢ The total thickness
of producing reservoir 02 (I) varies from 20 to 26 m,

According to core and especially to field geophysical data the reservoir
under consideration is not homogeneous, and in its section a number of layers
of traps are traced which alternate with layers of dense rocks. On the
whole the section of a producing reservoir, starting from the heterogeneity
of its structure, can be provisionally divided into three interstratifica-
tions: an upper, middle and lower.

The upper, with a thickness of 6 m, consists in the roof part of a layer of
dense pelitomorphous limestone, The limestones underlying that layer have
good trap properties. They lie in alternation with dense rocks, The
number of layers of traps does not exceed four (in the Igrovskaya group
of deposits) and they all are correlated well over the area. Westward (the
Arlanskoye deposit) the number of layers decreases and does not exceed two.
. The total thickness of the traps varies from zero to 3.5 m.

The structure of the middle interstratification, with a thickness of up to

7 m, is somewhat similar to that of the upper but has its own distinctive
features, The layers of traps of the middle interstratification of a
producing reservoir are more sustained in thickness and in area of distri-
bution, The total thickness of the layers of traps does not exceed 3 m
and a number of the vary from 1 to 3.

The lower interstratification, with a thickness of 10 m, differs from the
middle and upper. A three-meter thick layer of slightly permeable rock is
traced in its upper part, and lower-lying layers of traps of ten have
a lenticular structure,

In connection with that the number of layers of traps varies sharply
and without any sort of regularity over the area even in short distances.
There are from 1 to 7 layers and their total thickness is from 0.5 to 6 m.
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The dense rocks covering each of the separated interstratifications evidently
are not lsolating covers for them, since fissuring is widespread in them,
and thickness which 1is not constant and mainly very smaill (0.5 to 2 m), On
the whole, over the entire producing reservolr no dependence is observed be-
tween the number of layers of traps and their total thickness, Their
largest total thickness is 12,5 m, Complete replacement over the section
was not noted,

The breakdown coefficient is 6.6 for the Igrovskaya group of deposits, 5.4

. for the Dyurtyulinskaya and 4.7 for the Arlanskaya., Comparison of the degree
of breakdown of producing reservoir cl (1)with regard to those groups of
deposits shows that the highest braakt?lown occurs in the Igrovskaya group

. of deposits (Figures 40 & 41),
Layers of traps of reservoir cl (1) are distributed everywhere on the
studied territory. Their total thicﬁness and share of participation in the
total volume of reservoir rocks are not the same, however, and vary in a wide
range. That change is very graphically registered by the coefficient of

granularity (k r)‘ Three zones of development of traps are distinguished
in the territogy under consideration on the basis of the value of that coef-
ficient, '

Zone I embraces the northeastern part of the territory under consideration
(Tatyshly, Igrovka and Kuzbayevo) and is characterized by very great develop-

ment of traps (a coefficient of granularity of over 0.2), West of it
(Arlan, Nikolo-Berezovka, Dyurtyuli, etc) zone II is distinguished, within
which a reduction of the total thickness of the layers of traps * is es-

tablished (k_ from O.1 to 0.2), Zone III (Or'yebash-Cheraul, etc) is char-
acterized by exceptionally dense clayey carbonate rocks; the layers of

traps are rare there and lie in the form of lenses of small thickness and
extent (kgr smaller than 0.1).

Heterogeneity in a reservoir as a function of the thickness and number of
layers of traps has been studidd using the coefficient of entropy.
According to calculations on the map of the Igrovskaya group of depos its
the traps have been provisionally combined into three groups on the
basis of the coefficient of entropy: group I-~traps with the most homo-
geneous structure (H_ from zero to 0.3); group II--with a less homogeneous
structure (H_ from T0.3 to 0.6); group III--with an extremely heterogeneous
- . structure (H: from 0,6 to 1),

It follows from examination of maps of the structure of .traps of pro-
ducing reservoir C% (1) at the Igrovskoye, Chetyrmanskoye and Kuzbayevskoye
deposits that the degree of heterogeneity in the structure of the layers of
traps does not depend on their total thickness, Heterogeneity of
group 1I predominates at all three deposits.

In comparing the values of the coefficlent of entropy with the structural
plan of the roof of producing reservoir Cl(I) it was found that the layers
of traps of the vault parts of upthrusts have a more homogeneous struc-
ture, 77
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Figure 40. Schematic geological profile of the Middle Carbon-
iferous deposits of the Igrovskoye deposit, Layers of
- traps: 1 - oil-bearing; 2 - water-bearing; 3 - water-oil contact.

Key: 1 -- System 8 -- Well
2 -- Series 9 -- Carboniferous
3 -~ Stage 10 -- Middle
4 -~ Horizon 11 -- Moskovskiy
5 -~ Operated object 12 -- Kashirskiy
6 -- Reservoir 13 -~ Vereyskiy
7 -- Depth, m 14 -- Bashkirskiy
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Figure 41, Distribution of traps in the section of
the Middle Carboniferous of northwestern Bashkiriya.

1 -- reservoir covers and dense reservoirs
-- producing reservoirs

-~ oil-bearing reservoirs

water-bearing reservoirs

-- reservoirs assumed to be oil-bearing
-- relatively impermeable reservoirs

NoOuUVMPRLWUN
]
]

a specific producing reservoir from the

ness of traps of the Middle Carbon
a -- CPd e -- Ck
1 2
b -- Cpd, £ -- Ck,
c -- de3 g -- Ckl.
d -- Ck1 h -- Cvrl

8 -- provisional boundaries of sections
(Keying continued on next page)
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1 -- Digtribution of producing reservolrs and covers ln the
saction of the Middle Carboniferous

2 -- Serles 22 == Kuzbayevo

3 -« Stage 23 «~ Cheraul

4 -- Horizon 24 -- Akineyevo

5 == Member 25 -= Arlan

6 -- Mancharovo 26 -~ Sharipovo

7 == Dyurtyuldi 27 == Nikolo-Berezovka
8 -- Novokhazino 28 -« Kasevo

9 -« Arlan 29 -~ Novokhazino

10 -~ Voyady 30 -~ Yusupovo

11 -- Cheraul 31 -- Yarkeyevo

12 -- Igrovka 32 -~ Mancharovo

13 -- Tatyshly 33 -~ Chekmagush

14 -- Voyady 34 -- Dertyull

15 =~ Karmanovo 35 -- Middle Carboniferous
16 -- Yanaul 36 -~ Mosgkovskiy

17 -- Igrovka 37 -- Podol'skiy

18 -- Maksimovo 38 -~ Kashirskiy

19 -- Yugomashevo 39 -- Vereyskiy

20 -- Telyaki 40 -- Bashkirskiy

21 -- Tatyshli

Producing reservoir Cvr,, which is confined to member X, s distinguished

in the lower part of thé Vereyskiy horizon. It corresponds to a clearly
expressed maximum on the electric logging diagram. The reservolr thickness

is sustained and equal to 5 to 6 m. The layers of traps (numbering 1

or 2 with a thickness of zero to 2 m) are confined mainly to the upper part
of the reservoir. The producing reservoir in question in the roof is bounded
by a layer of clayey limestone, frequently fissured and with stylolitic seams,
with a thickness of 1,5 to 2 m¢ Therefore that layer is not always a rell-
able lithological cover, isolating producing reservoir Cvr3 from the above-
lying reservoir Cvrz.

Producing reservoir Cvr, is characterized on the standard logging diagram
<~y maximum KS values ana negative PS anomalies. The mean reservoir thick-
ness varies from 3 m in the west to 7 m in the east of the territory under
consideration, It is well isolated from the above-lying producing reservoir
Cvr, by rocks of terrigenous-carbonate composition with together with pro-
ducing reservoir Cvr2 form member IX,

In the composition of producing reservoir Cvr, up to five layers of
traps are distinguished that are not sustained“over either the section or the
area,

Comparison of the sections of the producing reservoir based on detailed
stusy of the field geophysical and geological materials has shown that
the 'syers of traps distinguished 1in the section are well traced over the
area,
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In producing reservoir Cvr,, as In producing reservoir Cl (1), there is no
dependence between the numget of layers of traps and their total thick-
ness (Figure 40),

To study the breakdown of reservoir Cvr, over three very extensive groups
of deposits--the Igrovskaya, Dyurtylinskaya and Arlanskaya--the breakdowm
coeffleclents were calculated; they were 2.1, 2.7 and 2.5 respectively,
These data show that in contrast with the reservoir c% (1) examined earlier
the breakdown of reservolr Cvr2 is far lower (Figure “41),

From the degree of development of traps in the section of producing

reservolr Svr, on the area under consideration it is possible to distinguish
. two zones (Figure 43) with different values of the coefficient of granular-

ity. The first zone embraces the territory from the Voyadinskoye deposit

in the northwest to the Tatyshlinskoye in the northeast and the area of the

Dyurtyulinskaya group of deposits, The coefficlent of granularity of that

zone, as a rule, is higher than 0,4,

The second zone passes parallel to the first and occuples a large part of
the Arlanskaya, Nikolo-Berezovskaya, Novokhazinskaya, Manchirovskaya and
other areas, Here the coefficient of "granularity" is mainly below 0.4,
The coefficient of entropy of the rocks of producing reservoir Svr, of the
Igrovskaya group of deposits varies from zero to 0.55., This indicates
considerable homogeneity in the structure of reservoir Cvr, in comparison
with reservoir c%(l) (Figure 44),

Producing reservoir Cvr , which is confined to member VIII, is bedded in the
upper part of the Vereyskiy horizon and consists of limestones and dolomites.
The total reservoir thickness in the western regions is not more than 1 to 3
m, and increases to 4.5 m toward the east (Yugomashevo and Tatyshly), The
layers of traps with a total thickness of up to 1.5 m often have a
lenticular structure. - In eastern rayons the reservoir Cvr, 1is dovered by
dense clayey limestones, and in the reglon of the Arlanskoye deposit by
limestones, argillites and marls,

Producing reservoir C. of member VII is distinguished in the base of the
. Kashirskly horizon, “The reservoir is sustained in thickness (6,5 to 7.5 m)
and is distinguished on logging diagrams by increased KS and negative PS
anomalies, In that reservoir the layers of traps are very widespread.
. The fluctuation of the total thicknesses of the layers is not so
cons iderable as in the producing part of the Upper Bashkirskiy substage.
The maximum total thickness is 4 m, and the minimum is 1 m,

The breakdown coefficient for the Igrovskaya, Dyurtyulinskaya and Arlan-
skaya groups of deposits differs insignificantly and is 3.4, 3.2 and 3.6
respectively.
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Figure 42, Diagram
opment of traps
western Bashkiriya.

of the distribution of oil pools and the devel-
of the Upper Bashkirskiy substage of north-
1 -- roof isolines, in meters; 2 -- boundaries

of structural and tectonic elements (according to data of the Lab-

oratory of Regional

Geology of the Basghkir State Scientific Research

and Planning Institute of the Petroleum Industry); 3 -- boundary of
the marginal part of the Late Devonlan shelf (after M. A, Iunusov,
1970); 5 -- oil pools; zones of development of layers of collectors;
6 -- with a coefficient of granularity of over 0.2; 7 -- the same,
from 0,1 to 0.2; 8 -- the same, less than 0.1; 9 -- zone of absence
of collectors in upper part of section.

I -- Permsko-Bashkirskiy vault 1 -- Or'yebash-Cheraul'skiy nose

II -- Upper Kamskaya

111 -- Birskaya saddle

trough 2 -- Kuyedino~-@ozhanskiy nose
3 -- Kudashevskaya trough

(Continued on next page)
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a == Voyady d == Cheraul g == Novokhazino
b -- Tatyshly @ == Chetyrman h == Dyurtyull
¢ == Nikolo-Berezovka £ -- Arlan { =~ Mancharovo

Figure 43, Diagram of the distribution of oil pools and the develop-
ment of traps of producing reservoirs Cvr, +Cvr, of the Vereyskiy
horizon of northwestern Bashkiriya. Zones of “develdpment of collec-

tors: 1 -- with a coefficient of granularity of over 0.4; 2 -- the

same, below O.,4. Other designations as for Figure 42, Add: j -
Kuzbayevo,
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- Figure 44, Distribution of coefficlents of entropy and thicknresses
of btraps of reservoirs Cvr2+ Cvr, of the Middle Carboniferous
deposits of the Igrovskoye oil depos?t.

Key: 1 -- iso-pachous lines of the total thlckness of layers of
collectors of producing reservoirs Cvr ~+Cvr3;
2 -- isolines of the coefficient of entropy;
3 -- upthrust contours.

From the degree of development of traps in the section of producing
reservoir Ck, two zones can be distinguished on the territory under consid-
eration (Figure 45), The first zone embraces a large portion of that ter-
ritory and includes the areas of the Arlanskoye, Voyadinskoye, Yugomashev-
skoye and other deposits. On the whole characteristic of that zone is the
presence of traps in the reservoir section and their increased (in
.comparison with the remaining part of the territory under consideration)
total thickness and considerable extent., The value of the coefficient of
granularity for the zone under consideration is higher than 0.4, as a rule.
The second zone, which embraces the areas of the Mancharovskoye, Novokhazin-
skoye and other deposits, is poorer in traps and the coefficient of
granularity of reservoir Ck in its limits is in the main less than 0.4,

A fairly thick reservor of clayey-carbonate rocks separates reservoirs Cvr
and Ckl’ but in places on stylolitic seams and fissures they are perm=able,
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Figure 45, Diagram of the distribution of oil pools and the devel-
opment of traps of producing reservoirs sz, Ck, and Cvr1 of

the Kashiro-Vereyskoye deposits of northwestefn Bashgiriya.
Designations as for Figures 42 & 43.

Reservoir Ck is covered by a fairly thick formation of dense, frequently
clayey limestones with layers of marls,

The above-lying producing reservoir Ck. has sharp lithological variability

h and persistence in the section on all‘%he territory studied., Its thickness
gradually increases in the eastern direction and in the region of the Chetyr-
manskoye and Yugomashevskoye deposits reaches 10 m. The trap charace -
teristics of the reservoir are sharply variable., The layers of traps
are quite variable in thickness and are bedded in different parts of the
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of the section, They are poorly correlated even in adjacent wells and often
have a lenticular structure,

The breakdown coefficlent varies sharply both on deposits taken separately
and on wells of a given deposit: its mean value'is 2.8 for the Igrovskaya
group of deposits, 1.3 for the Dyurtyulinskaya and 0.8 for the Arlanskaya.

Reservolr Ck, has high values of the coefficlent of granularity, and only

on isolated sections of areas of the Novokhazinskoye, Cheraul-Or'yebashskoye
and Kuzbayevskoye deposit do they reach 0.2-0.3, On the remaining territory
(of the Arlanskaya and Dyurtyulinskaya groups of deposits, the Voyadinskoye
deposit, etc) the reservoir consists mainly of impermeable sulfatized carbon-
ate rocks with single thin layers of traps (the coefficient of granular-
ity does not exceed 0.1). The reservoir s covered by dense dolomitized
clayey limestones with a thickness of 6-8 m,

Producing reservoir Ck, is traced on the entire territory under consideration
and together with the gense rocks covering it forms member V. The layers of
traps are very widespread on the Novokhazinskaya and Igrovskaya areas,
that is, in the central parts of the studied territory. On those deposits

a producing reservoir usually contains from three to five layers of

traps. The maximum total thickness of the layers of traps does not ex-

ceed 5 m and their mean thickness is 3.8 m.

On other sections of the territory under consideration the layers of

traps have not obtained wide distribution. On the area of the Dyurtyulinskaya
and Mancharovskaya groups of deposits the layers of traps are replaced
almost completely by impermeable rocks. Their coefficient of granularity is
not greater than 0,1,

Producing reservoir Ck, is distinguished in the upper part of the Kashirskiy
horizon., The structure of the reservoir has been well studied on the Arlan-
skoye deposit. An additional group of field geophysical (INNK) [Iraqi

or Iranian National 0il Company] and field investigations permitted char-
acterizing in greater detail the structure of the rocks of traps in that

part of the section (Figure 46). A detailed layer correlation of the collec-
tors was much faclilitated by the presence in the section of reservoir Ck, of
two layers of clayey dense limestone, with a mean thickness of 1.8 m, encoun-
tered in the sections of almost all wells and distinctly registered on the
logging diagrams,

As a result of geological and geophysical investigations of the breakdown
and comparison of the sections of all wells in producing reservoir Ck. on
the Arlanskoye and Nikolo-Berezovskoye deposits, up to three interstrati-
fications containing layers of traps have been distinguished,

The upper interstratification a, bedded in the roof part of the reservoir,
with a thickness of up to 3 m, is well traced on the entire Arlanskaya area.
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Figure 46, Typical geological-geophysical section of members III
and IV of the Middle Carboniferous of the Arlanskoye deposit,

1 -- System 12 -- NGM .and GM

2 -~ Series 13 -~ ohmem

3 -- Stage 14 -- imp/min

4 -~ Horizon 15 -~ Interstratificaticn thickness, m
5 -~ Member 16 -- Share of traps

6 -- Reservoir 17 -- Carboniferous

7 -~ Interstratification 18 -~ Middle

8 -- Lithological column 19 -- Moskovskiy

9 -- Depth, m 20 -- Podol'skiy

10 -- Logging characteristics 21 -- Kashirskiy

11 -- KS and SP

It is a trap (63 percent of the thickness) and only in some wells is it
replaced by dense rocks. The total thickness of the layers of traps
fluctuates from zero to 2.4 m,

Interstratification a is separated from lower-lying interstratification b by
a clayey-carbonate formation with a thickness of up to 2 m,

Iiterstratification b (with a thickness of 8 to 12 m) is the main commercial
oil-bearing object of the Kashiro-Podol'skoye sediments of the Arlanskoye
and Nikolo-Berezovskoye deposits. The layers of traps distinguished

in its section are correlated well from well to well, Their number varies
from 1 to 3. In some wells they merge into a single monolithic layer with

a thickness that reaches 5 m, The total thickness of the trap fluc-

tuates from 2 to 5.5 m and is 4,5 m on the average.
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Figure 47, Diagram of the oil pool distribution #nd the
development of -traps of producing reservoirs Cpd
and Ck, of the Kashiro-Podol'skoye sediments of north-
western Bashkiriya. Zones of development of layers of
traps: 1 -- with a coefficient of granularity of
more than 0.4; 2 -- the same, from 0.2 to Q.43 3 --

the same, less than 0.2, Other designations as for
Figures 42 & 43,

A layer of dense clayey-carbonate rocks is traced regionally in the base of
iotcrstratification b, separating it from the lower-lying sediments.

The described section of reservoir Ck

of the Arlanskoye deposits is very
Its breakdown coefficient is 4,2, The total thickness of the rocks

of the reservoir on ::he entire investigated territory varies from 7 m (in
the east) to 16 m /(n the west).
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On the territory of northwestern Bashkiriya from the degree of development
of the collectors of reservoir Ck, it is possible to distinguish three zones
with different values of the coef%lcient of granularity. Zone I embraces
the Arlanskaya and Nikolo-Berezovskaya areas of the Arlanskoye deposit and
its coefficlient of granularity is mainly greater than 0.4, Zone 1I (Dyur-
tyulinskoye, Mancharvoskoye, Or'yebash-Cheraulskoye and Voyadinskoye de-
posits) is characterized by reduction of the total thickness of traps
and its coefficlent of granularity varies from 0.2 to 0.4, Within zone III
. (Novokhazinskaya area and the Igrovskoye and Tatyshlinskoye deposits) the
coefficlent of granularity is reduced to zero (Figure 47).

The obtained values of the coefficients of entropy are used as some of the
most important parameters of the characteristics of the structure of

trapss Thus, at the Arlanskoye deposit the coefficlent of entropy varles from
zero to 0,50 and values of 0.2 to 0,35 predominate: this indicates the rela-
tively sustained thickness of the layers of traps - and their quantity in
the section of producing reservoir Ckl.

Producing reservoir Cpd, (included in the composition of member III) is dis-
tinguished in the base of the Podol'skoy horizon., The thickness of the
reservoir is fairly persistent and is 5 to 7 m. Layers of traps are
encountered in the lower part of the reservoir; in the upper they are absent
or are observed very rarely and have a small thickness. Traps are en-
couatered only in the northwestern part; in the remaining regions they amount
to less than 5 percent of the total thickness of rocks of the reservoir,
Reservoir Cpd, is covered by dense clayey limestonss, the thickness of which
is about 5 m dn the Arlanskaya area,

Reservoir Cpd, is composed mainly of limestones. The :content of porous layers
in them amounts to about 25 percent of the thickness. The thickness of the
reservoir reaches 15 m in the western regions and declines to 9 m in the
eastern, The dense clayey limestone that covers the producing reservoir has

a thickness of 10-12 m,

Reservoir Cpd, is fairly persistent in thickness (about 15 m) and is wide-
spread. The Content of porous varieties in its section amounts to about 20
percent, On logging diagrams it is characterized by irregular Px and PS
curves,

The investigations conducted on the character of the heterogeneity of the
carbonate reservoirs of traps of northwestern Bashkiriya enabled the
following conclusions to be drawn,

~ The layers of traps on producing reservoirs are irregularly distributed:
they have received the greatest development in reservoirs Ck,, Ck,, Cvr, and
C% (I), lass in reservoirs de1 and dez, and the least in reservoirs Ck2,

Ck3, Cvr, and Cvr3.
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An increase in the total thickness of layers of traps of the Bashkir-
Vereyskly group of sediments is noted in the eastern regions of northwestern
Bashkiriya., In the section of the Kashir-Podol'skiy group of sediments the
increase of the total thickness of traps occurs in the western direction,

Study of the character of the heterogeneity of producing reservoirs on the
basis of the coefficients of breakdown, granularity and entropy enabled the
discovery of sections different in breakdown, and on the basis of the change
of the total thickness of the layers of -  traps--zones of the propagation

of permeable rocks of producing reservoirs revealed in the section of Middle
Carboniferous sediments,

The discovery of such zones is of great importance in the selection of the
direction of geological survey work, and also in solving questions connected
with the planning and improvement of systems of development,
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= Chapter 4, The Structure of 0il Pools

One of the most important aspects of geological investigations in the plan-
ning of the development of an oil deposit is study of the structure of the
oil pools. On the character of the structure of the pools will depend to
a great extent the selection of the objects to be worked and the system of
development, the geometry of the disposition of operating and pressure

. wells, the selection of methods of control and the regulation of oil pro-
duction from reservoirs.

. The structure of an oil pool is controlled by the surface of the roof and
bottom of the producing reservolr, the water-oil contact surface, dis-
tinctive features of the distribution of reservoirs of collectors and vari-
ations of the physicochemical properties of the reservoir oil and water.

From synthesls of the results of study of the stratigraphy, lithology, tec-
tonics, the structure of collectors and the hydrogeology of the area it is
possible even in the initlal stage to obtain a possibly complete idea of the
principal parameters of a pools To do that, all the primary geological-

¢ geophysical and field geophysical materials and data on the character-
istics of the oil, gases and water must be processeds nly the complex
study of all the materials makes it possible to establish in an early stage
the main features of the structure of pools and take them into account in
planning.

On the example of the Arlanskoye deposit we will examine experience in study-
ing distinctive features in the structure of oll pools and the use of the
obtained data in selecting a production system,

The Structure of the Oil Pools of the Arlanskoye Deposit

The Arlanskoye deposit is situated in the Birskaya saddle, which is compli-
cated by second-order structures--arches with a northwestern course.

. The area of the Arlanskoye oil deposit, in contrast with most deposits of
Volgo-Ural'skaya Oblast, which are cornfined to a terrigenous formation of
the Lower Carboniferous, is characterized by considerable dimensions and
reserves, Even such relatlvely large deposits as the Mukhanovskoye, Pokrov-
skoye (Kyubyshevskaya Oblast), Lobanovskoye and Kuyedinskoye (Permckaya
Oblast) and Voyadinskoye and Mancharovskoye (Bashkir ASSR) can be compared
only with individual sections of it,

The Arlanskaya structure along the roof of the terrigenous formation of the
Lower Carboniferous has ia asymmetric structure with steeper western and

gently sloping eastern limbs (Figure 48), The long axis of the structure is
in northern and northwestern directions. The structure is complicated by
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Figure 48, Diagram of the
structural plan of the ter-
rigenous formation of the
Lower Carboniferous of the
Arlanskoye oil deposit.

1 -- contour lines, m

2 -- boundaries of areas

3 -- provisional boundary of
Arlanskoye oil deposit

Areas: 1 -- Arlanskaya
2 -- Novokhazinskaya
3 -~ Nikolo-Berezovskaya
4 -- Vyatckaya
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upthrusts of a smaller order of magnitude: domes, structural noges and
- troughs, Domes are confined mainly to the western part of the gtructure
and form "chains" with a northern and northwestern direction, Saddles of
different amplitudes are traced between them, Very deeply submerged and
small in dimenslions saddles are noted in the celivral part of the structure
and in the northwest, A Jome has various dimensions (from 0,3x0,2 km to
5.5x 4 km) and amplitudes (10 to 60 m) and }s traced on the surfaces of all
producing reservoirs (Figure 49), The contour line <1170 m is on the west-
ern 1imb and -1155 m on tho eastern,

Distinctive features of the structure of the surface of the terrigenous
format lon of the Lower Carboniferous of the Arlanskaya area are character-
. Istic of deposits of Bashkiriya and other reglons.

The relief of the surface of the Turneyskly limestones is more sharply broken
up because of the presence of local sections on which the Turneyskly carbone-
ate sediments are washed out to different depths,

Oi1 pools in the Lower Carboniferous terrigenous formation relate mainly to
Bobr ikovsko-Radayevskiy (reservoir C-VI) and Tul'skly sediments (Figures 1,
2 & 50),

The position of the water-oll contact in the pools of reservoir C-VI is con-
trolled by a structural factor. According to fleld geophysical data the
oll-water interface is established rather distinctly (Figure 51) in 70 per-
cent of the wells of the water-oil zone, and in 30 percent of the wells on

the oll-water contact clayey layers with a thickness of 0.8 to 7,7 m are noted,

On the Arlanskaya area over three tens of oll prols are confined to the
reservolr C-VI, The water-oil contact surfaces on individual pools are sub-
merged in northwestern direction with absolute marks of -1175, -1176 m and
up to -1188 m (Table 8).

Large pools with an area of 30 to 50 ha are on marginal sections of the
Arlanskaya oil-bearing area, with different water-oil contacts (from -1176
to ~1185 m),

Characteristic of pools of reservoir C-VI of the Arlanskaya area is linear
extension at a small width, the presence of bottom waters on the main part
of the oll-bearing area and a head of the contour waters.

01l pools confined to reservoir C-VI have extensive water-oil zones (in viaw
of the gently sloping angles of inclination of the layers).

Such parameters as a coefficient representing the ratio of the oil-saturated
thickness of the reservoir to the water-saturated (h /h ), the coefficients
of breakdown and of coherence of reservoirs in the water-oil zone and in the
region beyond the outline, and the mean oil-saturated and water-saturated
thicknesses of the reservoir (Table 9) were used to characterize the water-
oil pools.,
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Figure 49, Diagram of the structural plan of the roof of
regervoir C-V of the Arlanskaya area., 1 -- contour lines
through 24 m; 2 -- oll pool outline of reservoir C.V,

For water-oil pools confined to reservoir C-VI in the region of the Arlan-
skaya area the following is characteristic.

In all pools h°/hw is mainly less than 1 and fluctuates from 0,34 to 0.8,
kbr from 1,2 to 2,04 and kcoh from 0,21 to 0,73, The water-oil contact sur-

face usually 1s not confined to the level of clayey sections; h v beyond

ave-

the oil pool outline, as & rule, is higher than h of the water-oll part.

av-v
The pools are characterized by a hydraulic system, Wells are rapldly flooded
due to the advance of bottom and contour waters along "corridors" of highly
permeated collectors.
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Table 8 Characteristics of oll pools of reservolr C:NI of the Arlanskoye
deposit

3

Acoantitan orumul‘
Paamep yatemn, Ky BHK, &

Mecrot0n0xen1te

1 | NXapaxtepuetika 2
KRN

5 Hosoxasimexan naouaas

8
6 Ociosuan anaews 7  Hedranan 122(2,5--3,8) '--1167.]4-—!169.4
9 Concpuan snaews (Wa- IlO Boaonedranan 16:X(2—6) l =173+ —1175
piitioso) )
11 Apranckan naowaan
12 10ro-socrounas  (Ype J10 Boavncdranas 3,5¢(1,0=1,8) | —1175+-1176
Tay)
To e » 5%10,6--1,0) | —11754—1176
%2 K)oi-?dnnnmmn (Awmt- | 7 Hedranan 20:¢(2,5—6) —1177+—1180
Haran) . -
15 ilenpasvian (Apaan) | 10 Boaonedeanan 13,6%(0,7—=3.5) | —11774~1178
16 (T:-nv;?unu ) ce‘:acpo- > 6.5%(0,7—1,2) | —1184+—1185
BOCI0K €T Auntra)
17 Ciuepo-boctounan » 4,5x1,0 ~ 1183+ -1185
18 C:u:-goaana:umn » 4,0%(1—2,5) —1188
19 Huxoao-Bepeaosckas naowaas
20 . 0 Boaoncgranan 4x0.6 —-1192,4
21 %’;;?;,ggg;;:“ r oy 42(0,5-2) —1192,4
Key:
1 -- Deposit 11 -~ Arlanskaya area
2 -~ Type of pool 12 -- Southeastern (Urtaul)
3 --1'Pool dimensions, km 13 -~ Ditto
4 -« Absolute water-oil mark, m 14 -- Southwestern (Ashit-Nagay
5 -« Novokhazinskaya area 15 -- Central (Arlan
6 -- Main pool 16 -- Northern (northeast of Ashit)
7 -- 011 17 -- Northeastern
8 -- 3 =to 18 -~ Northwestern
9 -- Northern pool (Sharipovo) 19 -- Nikolo-Berezovskaya area
10 -- Water-oil 20 -- Northwestern

21 -- Southwestern

According to the position of the water-oll contact in reservoir C-VI, the
Novokhazinskaya area is divided into two sections.

In the main section the water-oil contact surface is traced at the absolute
marks of -1167.1 and -1169.4 m (69 wells). On the eastern gently sloping
limb the outer oil pool outline is a tortuous line: on three sections it
enters deeply (from 2 to 5 km) Into the internal part of thepool. In the
inner oil pool outline several submerged sections were registered in which
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the sandgtones of reservolr C-VI also are saturated with water, The water-
oil contact surface on those sectims fluctuates from -1167 to -1172,9,

In the southern part of the pool the water-oll contact rises to the -1163-m
makr, The main pool is separated from the northern by a trough of latitud-
inal direction entering from the east and a lithological shleld from the west.

On the northern section the water-oil part is confined to the eastern limb
of the structure, The water-oll contact surface is traced at the absolute
marks of -1174 to -1175 me In the central part of the water-oll pool,
closed submerged sections with an area of up to 300 ha are observed, where
reservoir C-VI is saturated with water as on the main part of the Novokha-
zinskaya area, Small completely oll-saturated sectlions are noted.

Thus the structure of the oil pools of reservoir C-VI of the Novokhazinskaya
and Arlanskaya areas differs considerably; pools of the férmer area are very
large in dimensions, Narrow linearly extended pools, supported on all sides
by contour waters, are noted only in the extreme north, on the boundary with
the Arlanskaya area,

Water-oil parts in the region of the main pool of reservoir C-VI of the Novo-
khazinskaya area are noted in the eastern and western limbs of the structure.
Characteristic of three sections of the water-oil zone of the Novokhazlinskaya
area 1s a value of the coefficlent h_/h greater than 1 (133-1,51); ky flue-
tuates from 1 to 1,5 and k from 026 “to 0.9, The mean thickness be§ond
the oll pool outline, as a rule, is higher than the water-saturated thickness
in the pool outline. On water-oll sectlons of pools of reservoir C-VI on the
Novokhazinskaya area the conditions are more favorable for development,

There are two small pools in the western part of the Nikolo-Berezovskaya area
with water-oil contact at the marks -1192,5 and -1197.5 m. On the Nikolo-
Berezovskaya area five small water-oil pools have been found.

The position of the water-oil contact on the Arlanskoye deposit is controlled
mainly by the structural factor. On isolated pools of reservoir C-VI sub-

_ mergence ot the water-oil contact is observed in northwestern direction from
-1156 m (the extreme south of the Novokhazinskaya area) to -1193 m (the
Nikolo-Berezovskaya area).

A definite regularity is noted in the degree of f£illing of the traps with oll,
Traps confined to reservoir C-VI are completely filled with oil only in the
southeastern, most elevated part of the structure. Inthenorthwestern direc-
tion the degree of thelir filling gradually decreases. The amplitudes of the
structures fluctuate more (from 10-15 to 40-60 m) than the absolute marks of
the water-oil contact surface,

The oil pools are of the structural, rarely the structural-lithological type.
The regime of the pools is mainly hydraulic and elasto-hydraulic.,
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. The absolute marks of the water-oll contact surface in reservoirs C-VIO,
C-V, C-IV and C-IVO in the main correspond to the marks of the water=-oil
contact surface traced in pools of reservoir C-VI, On the Novokhazinskaya
area the collectors of those reservoirs are completely oil-saturated,

The persistence of clayey layers--reference marks in the middle part of the
terrigenous formation, indicates absence of a hydrodynamic connection between
individual producing reservoirs In the vertical sectlon, and the discontinu~
ous character of the development of collectors--a very weak connection of
them over the area, The oll pools are mainly of the lithologlcal and struc-
tural-lithological types.

On the Novokhazinskaya area the water-oil contact in reservoir C-II is traced
in 30 wells. According to the absolute position of the water-oll contact
surface In pools of reservoir C-II the entire oll-bearing zone is divided
Into two sections corresponding mainly to sections of pools of reservoir C-VI,
but the boundary of change of the water-oil contact is shifted a 1ittle to
the north, The lithological shield is shifted in the same direction, The
deep setting of the latlitudinal trough also found clear reflection on the
roof of reservoir C-1I (as on C-VI), but it had no effect on the position of
the water-oil contact surface on sectlons adjacent to it on the north and
south (-1144,6 m and -1145,6 m). However, change of the water-oil contact
surface by 14 m is connected with a large lithological shield north of the
trough and intersecting the structure transverse to its course, In the
northernmost part of the Novokhazinskaya area the water-oil sontact surface
becomes a single one for reservoirs C-II and C-VI (1174 m),

The different position of the water-oil contact surface in pools of the Novo-
khazinskaya area creates a very different arrangement in the plane of water-
and oil-saturated reservoirs on marginal sections (Figure 52): above an oil
pool of reservoir C-VI and its water-oil part a water-oil or water-saturated
reservoir C-I1 is developed; reservoirs C-II and C-VI are water-saturated,
and in reservoirs C-IV and C-V an oll or a water-oil pool is noted; at the
same time, water-oil pools are confined to reservoirs C-II and C-VI, and

oll, etc, to reservoirs C-IV, C-V and C-VIY,

On the Arlanskaya area in reservoir C-II the water-oil contact is traced on
some marks with reservoir C-VI, and only in the southwest of the area is it
3 to 4 m lower than in reservoir C-VI,

On the Nikolo-Berezovskaya area reservoir C-II on a considerable part of the
oil pool outline also has a lithological shield. The pools are of the struc-
tural lithological type. Reservoir C-I has a lenticular development and is
completely oil-bearing. The oll pools of reservoirs C-I and C-I1I are of
the lithological and more rarely the structural-lithological types and their
regime can be defined as a regime .of dissolved gas,

At the Arlanskoye deposit the industrial oil bearing of sandstones of the
Aleksinskiy horizon has been established: three small pools are distinguished,
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Table 9 Coefficients and separate parameters characterizing water=oil
- pools of reservoir C-VI and separate sections of them on areas
of the Arlanskoye deposit

1 Mowrocre, M 2 o 4 5
Hedrettas gy N .
- AT | g | s | SRS SR "R | A
Sl | Kouie, | owoiat | Futien | e | e
HOCTH nocrit Iﬂlll!mlbﬂ
2 Apnanckas naowaas
10 Coxzoncxan 6,2 9,9 90 | 063 [ 1,8 0,52
11 Avwrexan 5,3 6,7 5,7 0,8 2,04 0,21
12 Baaeks CCBOPC-DO- 6,2 5,2 8,3 1,1 2,0 0,28
CT0RY o Aumta
13 3a0ib ma rpaumte ¢ 2,7 7,1 8,6 0,38 2,1 0,24
Hitkono- Bepeaonckof :
NAGUAALIO
14 10xuan wacty Howo- | 7,6 9,1 10,8 0,83 1,31 0,73
HAraeBckoro yyacTka
- 15 Kpymion asackw wa | 3,6 10,6 9,8 0,34 1,52 0,61
cesepe or  Hoponae
_ racoo
16  Hosoxasmmexas
naowans
17 Boctounoe xpuio, oce 6,5 4,3 6,1 1,51 1,5 0,6
HOBHOH INICKDL
18 3anaanoe xpuno, oc- 5,6 4,2 6,3 1,34 1,0 0,9
10BItas 32.10Kb
19 Cencpias 3arexs, 8o- 6,0 4,5 6,7 1,33 1,27 0,73
CTOUI0E KpHI0
Key:
1 -- Area, sectlon, pool 10 -- Saklovskaya
2 -- Thickness, m 11 -~ Ashitskaya
3 -- Ratlo of oll-saturated to 12 -- Pool northeast of Ashit
- water-saturated thickness 13 -- Pool on boundary with Nikolo-
4 -~ Breakdown kbr Berezovskaya area
5 -- Arenosity k 14 -- Southern part of Novonagayevskly
a
6 -- oil-saturat@d saction
7 -- water-saturated in oil pool 15 -- Large pool north of Novonagayevo
outline 16 -- Novokhazinskaya area
8 -- water-saturated beyond oil 17 -~ Eastern limb, main pool
pool outline 18 -- Westerl limb, main pool
9 -- Arlanskaya area 19 -- Northern pool, eastern 1imb
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X Figure 52. Position of initial water-oll contacts in
producing reservoirs of the Novokhazingkaya area.

that are confined to different lenses (Figures 35, 36). The oll-saturated
thickness of the collectors fluctuates from 1 to 9,8 me The water-oil con-
tact surface is inclined toward the north and the water-oll contact mavks
are lowered from -1131,8 to -1153 ms The width of the sandstone zone varies
from 400 m to 1.5 kme The pools are of the lithologlcally bounded type.

The oil-bearing areas of the oil pools of the Arlanskoye deposit, confined
to different reservoirs, do not coincide in the plane and amount to from 5
to 80 percent of the total area included in the composite outline, This
pecullarity of the structure of the pools plays a large role In the develop-
ment of the oil deposit,

The initlal rock pressure, reduced to the water-oil contact mark (-1180 m on
the Arlanskaya area and -1165 m on the Novokhazinskaya) is 141 kgf/em2, The
initial pressures in reservoirs C-VI, C-II and C-V are practically identical
and are 140,5 kgf/cmz.

The weter pressure of the terrigenous formation is considerably below the
pressures of the Sakmaro-Artinskiy and Kashiro-Podol'skiy waters.. Thus the
plezometer mark, reduced to the plane of comparison 1s 2000 m, for the ter-
rigenous formation is 125 m and 142 m below the marks of the plezometers for
the Kashirc-Podol'skiy and Sakmaro-Artinskiy horizons respectively, When

there is a connection overflow of the terrigenous formation into the reser-
voirs is pussible,

The character of the change of the rock pressure during operations indicates
the presence of an active head of edge waters in sandstones of reservoir C-VI
and very weakly in the upper lenticular sandy-siltstone reservoirs.

The initial regime of the oil pools in reservoir C-VI is defined as elasto-
hydraulic. For reservoirs of the Tul'skiy horizon (c-1, C-1I, C-III, c-IVo,
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C-1v, C-V and C-VIO) a regime of dissolved gas ls observed in the maine

The process of maintenance of rock pressure in pools conflined to individual
regervolrs and multireservolr deposits during their combined development is
a very complicated task.

Thus the main features characterizing the structure of oll pools conf ined
to reservoir C-VI of the Arlanskaya area are: the relatively smail oil-
bearing area (about 35 percent), the presence of a large number of pools,
thelr small dimensions and linearly extended form, the large summary peri-
meter of the outer oll pool outline, the good trap properties and
breakdown of the section and the activity of the region beyond the outlinc,
Characteristic of pools of reservoirs C-IV and C-Vare thelr lsolation and
inactivity of the stratal waters, connected with the lentlcular structure
and small thickness of the traps.

In the first stage of plananing, in the compilation of a technological plan
for the development of the Arlanskaya area and the general plan of the
Arlanskoye deposit, taking into account distinctive features of the
structure of the pools, the following basic elements of the development
system were selected:

1) a single object of exploitation on the Arlanskaya area, one including
the entire producing formation, and two objects of exploitation on the Novo-
khazinskaya area;

2) extra-outline flooding for oil pools of reservoir C-VI and intra-outline
flooding for all the remaining part of the producing formation, and linear
arrangement of serles of operating and pressure wells during intra-outline
flooding.

With the activity of the extra-outline region of reservoir C-VI and the
inactive regime in the upper reservoirs taken into account, varlous pressures
were envisaged for pressurizing the water--100 kgf/cm2 for reservoir C-VI
and 150 kgf/cm2 for relatively impermeable reservoirs,

The experience of the first years of development of the Arlanskoye deposit
and the new oil fleld geological information obtained in drilling hundreds
of operating wells have shown that not all the initlally assumed basic ~
positions of the development systems are optimal and that they require fur-
ther improvement, Later the system of disposition of pressure and operating
wells was partially changed and supplemented, changes were introduced in

the practice of distinguishing objects of exploitation, and the pumping of
water into the extra-outline region was reduced or completely halted, The
conditions which caused those changes are discussed below.

102

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9

FOR OFFICIAL USE ONLY

011 Pools in Carbonate Deposits

Carbonate deposits contain formations of various types. In their basic
structure and morphological characteristics they aro similar to the ter-
rigenous, Formations of the sheet-vault type are very widespread in Uralo-
Povolzh'ye, 011 traps are local elevations of various amplitude, Most of
those elevations are connected with thick reservolirs of carbonate deposits
containing layers of traps, sustained over a large area,

Besides sheet-vault and carbonate traps, massive deposits are widespread,
Traps of that type can be the vaults of structures with thick reservoirs
of carbonate deposits and also masses of reef origin, Deposits of the
mass ive-sheet type are encountered more rarely.

Lithological-structural deposits are distributed insignificantly on the
territory under investigation, Such deposits are encountered within the
limits of structures when on individual sections there is lithological re-
placement of producing reservoirs containing oil by dense rocks,

Producing horizons consist of a frequent alternation of dense and porous
varieties of carbonate rocks. In a number of deposits there is an absence

of a hydrodynamic connection between individual reservoirs, as a result of
which there are considerable fluctuations of the levels of water-oil contacts,
The oil pool outlines of individual reservoirs of a producing band of carbon-
ate deposits acquire a complex configuration and at times water-bearing or
gas-bearing layers are found between them.

The enumerated distinctive features of the structures of carbonate rocks
- present special requirements for the system of development of gas pools,
since the processes of flltration of liquids is made difficult to a consid-
erable degree by the complexity of the micro- and macrostructure of the
carbonate traps.

As an example we will present the structure of producing deposits in the
Middle Carboniferous deposits of northwestern Bashkiriya, a structure char-
acteristic of many deposits.

The established rhythmic alternation of producing reservoirs, the revealed
distinctive features of the structure of the covering rocks (above all the
presence of fissures in the covering rocks), and also data on the position

of the water-oil contact permit distinguishing in the section of Middle
Carboniferous deposits of northwestern Bashkiriya six independent oil-bearing
objects (Figure 53).

The first oil-bearing object is confined to the producing reservoirs Cpd, +Ck
of the Kashiro-Podol'skiy deposits, the second to the producing reservoifr Ck,
of the Kashirskiy horizon, the third to producing reservoir Ck3 of the
Kashirskly horizon, the fourth to producing reservoirs (:k4 and Cvrl of the
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Kashir -Vereyskly deposits, the fifth to producing reservoirs Cvr2 and Cvr,
of the Vereyskly horizon and the sixth to producing reservoir c% (1)
of the Upper Bashkirskiy substage.

The different degree of heterogeneity of producing reservolrs, change of
thelr trap properties and thicknesses, and also distinctive features of the
structure of oll pools determina a complex character of the oil distribution
in the section of the Middle Carboniferous deposits.

Reservolrs Ckl' Cvr, and C% (1), which are the main commercial oil-bearing

objects of the Midd%e Carboniferous, have good trap properties and consider-

able thicknesses of the layers of traps, and also a more homogenaous struc-
ture, Produving reservoirs Cpd,, Cka and Cvr, have somewhat worse trap

- propertles and greater heterogefieity in the s%ructura of layers of traps,

because of which thelr commercial value diminishes,

Producing reservoirs Ck, and Ck3 have sharp lithological variability,
Characteristic of them gs worsefiing of the trap properties and reduction
of the thicknesses of the layers of traps. They are not very productive
from the point of view of oil yield,

The commercial oil content of the Upper Bashkirskiy substage is connected
with producing reservoir cl (I) (VI is an oil-bearing object), which 1is
traced in the upper part og the Upper Bashkirskiy substage (Figure 40).
Oil and gas pools confined to producing reservoir Cl (I) have been estab-
lished on the Tatyshlinskoye, Yugomashevskoye, Maks%movskoye, Igrovskoye,
Itkinevskoye, Kuzbayevskoye, Taymurzinskoye, Chetyrmanskoye and Karacha-
Yelinskoye deposits (Figure 42).

0il pools of producing reservoir cl (1) are of the massive-sheet type and
are confined to third-order structiires. The structure of the producing
reservoir is considerably heterogeneous: the layers of traps encountered
In its section are bedded in the form of lenses of different length and

thickness and are interconnected by fissures. The initial oil discharge of
the wells reach 70 tons per day.

Within the limits of the northeastern group of deposits (the Tatyshlinskoye,
Yugomashevskoye, Maksimovskoye, Teplyakovskoye, Igrovskoye, Kuzbayevskoye,
Chetyrmanskoye, etc) oil pools of producing reservoir Cl (I) are confined
to the vault parts of elevations. In all, 17 1nd1vidua% oil pools have been
discovered there, differing in the dimensions and stages of oll content and
different total thicknesses of oil-bearing traps. Thus, in a number of oil
pools of the Yugomashevskoye and other deposits the thickness of the oil-
bearing traps is not more than 2 m, In some pools of the Kuzbayevskoye and
Teplyakovskoye deposits it is 4 to 6 m, and within the Igrovskaya group of
. elevations it reaches 10 to 12 m. Oil-saturated traps of producing reser-
voif C% (I)usually consist of 4 to 8 layers, but sometimes thelr number
increases to 11, Monolithic oil-bearing layers are encountered nowhere,
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In the limitsof the southeastern group of depowsits the oil traps of producing

reservolr C; (I) form four isolated pools of different sizes, confined to

the vault parts of elevations (Figure 42)., The largest of them is confined

to the Taymurzinskoye elevation, where the thickness of oll-saturated traps

reaches 4 ms The remaining pools have small dimensions, and tne thickness

of the oll-saturated traps does not exceed 2 m¢ The number of oll-bearing

layers changes from 1 to 5, =

Within the limits of the Igrovsko-Chetyrmanskaya group of deposits a regular
lowering of the water-oil contact marks of pools westerly has been established.
This lowering occurs in stages from pool to pool and on the whole over the
area is In the range of marks from -837 to -908 m, The stepwise lowering

of the water-oil contact toward the west 1is'caused by the tectonlc factor
and occurs simultaneously with a general submergence of the Middle Carbon-
iferous sediments in the same direction. Within the limits of small pools
the water-oll contact surface, as a rule, 1is horizontal. On steeper pools

a slight lowering of that surface (of up to 5 m) in wsstern direction is
observed, in the direction of the regional submergence of the Middle Carbon-
iferous sediments.

A similar mechanism of stepwise submergence of the water-oil contact has
also been established on the area of the Dyurtyulinskaya group of pools,
with the difference that the lowering of the water-oil contact marks from
-815 to -840 m occurs in a southeast direction that coincides with the
regional inclination of the Middle Carboniferous deposits in that region,

The commerclal oll content of the Vereyskly horizon is connected with pro-
ducing reservoirs Cvr,, Cvr, and Cvr,. Producing reservoir Cvr, is traced

in the upper part of %he horizon and forms with reservoir Ck, a“single oil-
bearing object, and therefore the oil-bearing prospects of tgose reservoirs
have been examined jointly with the Kashirskly horizon, Producing reservoirs
Cvr2 and Cvr3 are bedded in the lower part of the Vereyskiy horizon (oil-
bearing object V).

There are 19 oil pools in reservoirs Cvr, and Cvr,. 1In the plan they are

well inscribed in the outlnes of pools o% lower-lying producing reservoir

cl (1), In addition, oil pools are encountered on the Or'yebash-Cheraul'- -
skaya area,

The oil pools of reservoir Cvr, are of the sheet-vault type., The traps have
a fairly sustained character o% development over the area, They are isolated
from above and below by impermeable varieties of rocks. The total oil-satur-
ated thickness of the traps depends on their total thickness and the struc-
tural tectonic factor (the maximum thicknesses of oil-saturated traps are
confined to vaults of the elevations). Within the found oil traps those
thicknesses fluctuate from 0.5 to 5 m and more rarely increase to 7 m (the
Igrovskoye deposit, Figure 44). The oil pools of reservoir Cvr3 are of the
lithological stratigraphic type.
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The discovered oil pools of resetvolirs Cvr, and Cvry (object V) are not
identical in productivity, Pools of the Igrovskoye deposit have the best
trap properties and larger productivity, The produgtion of wells during
testing reaches 20 tons per day,

01l pools of the Dyurtyulinskaya group of deposits are characterized hy
low  trap qualities.and very low productivity, The mean well production
here is 4 to 10 tons per day. Producing reservoirs Ck, and Cvr, of the

- Kashiro-Vereyskiy deposits, separated by a clayey-carbonate reservolr, con-
.. stitute oll.bearing object IV,

The commercial oll pools confined to the layers of traps of producing reser-

N volrs Ck, and Cvr, are of the sheet-vault type and are known at the Voya-
dinskoye, Igrovskoye, Chetyrmanskoye and Kuzbayevskoye deposits. The daily
oll production of the wells are small, as a rule, and only in individual
wells with a mean trap thickness of 4 m does it reach 10 tons,

In producing reservoir Ck, (oil-bearing object 111) layers of traps are
encountered mainly in the Rorthetn reglonse They are bedded for the most
part in the form of thin lenses in various parts of the reservoir section.,
Their commercial oil content has been established by single wells on the
Novokhazinskaya area, Their productlions are small (1.5-2 tons per day),

In traps of producing reservoir Ck, (oil-bearing object II) small oil pools
with independent water-oil contacts have been discovered in the Cheraul'-
skaya and Kuzbayevskaya deposits (Figure 45), Within the discovered pools
the oil-bearing traps have a total thickness 6f-from zero to 6 m and usually
consist of four to six layers,

In the carbonate traps of producing reservolrs Cpd, and Ck, (oil-bearing
object I) of the Kashiro-Podol'skiy deposits commercial oi{ content was dis-
covered on the Arlanskaya and Nikolo-Berezovskaya areas. On the Mancharov-
skaya and Dyurtyulinskaya groups of deposits adjacent to them commercial

oil content has been established only in producing reservoir Ckl’ and the
rocks forming reservoir de3 are of a dense variety,

Thirteen oil pools of the sheet-vault type have been found, The largest oil
pool embraces territory of the Arlanskaya and Nikolo-Berezovskaya areas,

The total oil-saturated thicknesses of the traps there vary from zero to 10 m,
The water-oil contact surface gradually sinks in a northwestern direction
from mark -722.5 m in the central part of the Nagayevskiy elevation to -744 m

on the Nikolo-Berezovskaya area, The pool is surrounded on ali sides by
contour waters.

On areas of the Mancharovskaya and Dyurtyulinskaya groups of deposits the
traps of producing reservoir Ck, form six oil pools in the highest parts of
the elevations, The pcols are small and the total oll-saturated thicknesses
of the traps do not exceed 4 m (Figure 47).
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Investigation of Stratal Liqulds and Gases

Knowledge of the pliysicochemical properties of stratal liquids and gases,
along with study of distinctive features of the structure of strata is an
indispensable condition for the selection of ratlonal systems for the devel-
opment of an oll deposit, In recent years special attention has begun to

be given to the investigations of stratal olls, when it has become clear that
many oils display anomalous structural and mechanical properties.

Consideration of those properties is necessary in the planning and regulation R
of development not only for correct forecasting but also to fulfil the basiec
conditions for rational development.

The investigation of stratal oll, water and gases starts from the moment
of testing the first wells on the area. To obtain a "clean" sample with
preservation of the stratal conditlons, it is necessary to have careful
preparation of the well, sufficlently long drainage of the reservoir and
the use of hermetic sampling devices with a capacity of several liters.
Since such requirements are not always successfully satisfied under fileld
conditions and the sampling takes a long time, the number of samples of

- stratal oil and water is very limlted in most cases., Still the field geo-
logist must strive to have all objects, the main reservoirs and various
sections of the pools characterized by samples of oil and water taken under
stratal conditions.

Observation of the variation of flulds in the process of development permits
monitoring the movement of oll through the reservoir, At the same time, if
we know the mechanisms and factors of change of the properties of olls in
the process of development, we can, by acting on those factors, direct the
process of development toward insrease of the completeness of development
of the pools.

Investigations conducted in recent years at the Romashkinskoye, Tuymazinskaya
and other large deposits have established the principal mechanisms of change
of the properties of olls and waters within pools and over the section of a
deposit. Let us examine thoge mechanisms, using data on the Arlanskoye
deposit.

According to analyses of deep samples in pools of reservoir C-VI there are
the following values of the oll parameters. The oil density at the satura-
tion pressure varies from 0.872 to 0,888 g/cm3 and is 0.877 g/cm” on the
average, the viscosity varies from 1a.g to 28.2 cP at a mean value of 18,2
cP, the gas factor from 15,2 to 19,6 =~/ton with _an average of 17.5 m3/ton,
and the saturation pressure from 69 tu 2 kgf/cm“, with an average of 86
kgf/cm?,

The density of the degassed oil varies from 0,888 to 0.9010 g/cm3 and is 0.89
g/cm3 on the average; the viscosity at 20°C fluctuates from 29,4 to 39.4 cP.
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In wells on the limb of the structure in a water-oll zone, increased values
of the density and viscosity of oll are observed in comparison with wells
in the vaulted part (Table 10),

The oil density on the Ngvokhazlnskaya area at the saturat:&on pressure varles
from 0,880 to 0.889 g/em » with a mean value of 0.886 g/cm 3 the viscosity
varies from 19.1 to 32,8 cP, with a mean value of 26 cP; the density of the
degassed oil varies from 0,892 to 0,902 glem3, The viscosit.y, is 47,8 cP.
The gas factor varles from 12,0 to 15,7 m /ton and is 13,8 m3/ton on the

average, and the saturation pressura varies from 70.8 to 80 kgf/om< and 1is
76,3 kgf/cm2 on the average,

. The qualitative characteristics of oil of reservolr C-VI of the Novolhazin-

skaya area 1s also determined by the arrangement of the wells on the struce
tures The oil density and viscosity are lower in the vaulted part,

Table 10 Characteristlcs of olls of reservoir C-V1

1 Y 3 [A k)
i Sovaamia | aomuocrs e - | faorwcts pastase Baanoet o | e i
Ha CtpyKty e rrem? r/em? nace 0 C, cft
6 Apamcxan naoutags
7 Cooa 0,872-0,875 0,888—0,8920 | 15,2—16,8| 29,4—34,0
8 Rpuro 0,878-0,879 0,810—0,8930 | 16,8—28 3539
9 Hosoxasmckan naowaze .
7 Ceoa 0,880 0,892 19,1 35,2
8 Kpwiao 0,880,889 ’ 0,897—0,902 l24.0—32.8l 45,7--58,0
Key:
1 -- Well location on structure 5 a- Vlchsity of degassed oil at
. 2 -- Density at saturation pressure, 20°C, cp
- g/cm 6 -- Arlanskaya area
- 3 -- Density of degassed oil, g/cm3 7 -- Vault
4 -- Viscosity at saturation press- 8 -- Limb
ure, cp 9 -- Novokhazinskaya area

Oils of reservoir C-VI of the Novokhazinskaya area are denser, more viscous
and less gas-saturated and have relatively low values of the saturatlon
pressure (Table 10).

Oils of lenticular reservoirs (C-IV, C.-V, c-1v° and C-1) differ from those

of the main producing reservoirs C-1I and C-VI in their lower density and
viscosity, both at the saturation pressure and when degassed,
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The physical indicators of oll of resarvolrs C-III, C-II and C-I of the Arlan-
- skaya area are simlilar: the oil density at the saturation pressure varies from
0.875 to 0,879 g/cma, the pressure from 72,5 to 80 kgf/cmz, the gas factor
from_17.1 toil7,9 malton, the density of the degassed oil from 0,891 to 0,893
7 g/cm®, the viscosity of the degassed oll ac¢ 20° from 34 to 37.2 op, the
. volumetric coefficient from 1,045 to 1.049 and the nitrogen content from

5.7 to 6,3 m3/m3,

For reservolr C-II of the Novokhazinskaya areca the oll density and viscosity
at the saturation pressure vary from 0,867 to 0,879 g/cm3 and from 13,9 to
22 cp, the satyratlon prassure from 71 to 82 kgf/cmz, the gas factor from
15,3 to 19.2 m /tons the density and viscosity of the degassed oll from
0,886 to 0,894 g/cm”® and from 30,1 to 39,9 cp respectively,

Thus the oil of reservoir C-II of the Novokhazinskaya area differs from that
of reservoir C-VII in its characteristics.

The stratal olls of the Nikolo-Berezovskaya area are similar to those of the
corresponding reservoirs of the Arlanskaya area, differing from them only
by lower gas-saturation and lower saturation pressure,

The deposits confined to terrigenous sediments of the Lewer Carboniferous

- of Bashkirlya (the Charaul'skoye, Or'yebashskoye, Chetyrmanskoye, etc),
located north and northeast of the Arlanskoye, have oils which in their char-
acteristics under surface and gtratal conditions are analogous to the oils
of the Novokhazinskaya area, and the Mancharovskoye, Tuymazinskoye and other
deposits situated southwest of the Arlanskoye have olls similar to those of
the Arlanskaya area,

The principal parameters of oils of the Aleksinskiy and Tul'skiy horizons
of the Nikolo-Berezsvskaya area and the Tul'skiy and Bobrikovskiy horizons
of the Arlanskaya area are similar in value,

Casing-head gases of oll pools confined to the terrigenous formation of the
Lower Carboniferous of the Arlanskoye deposit are wet and contain light ben-
zine fractions, Casing-head gases consist of an incombustible part, nitrogen,
and a combustible hydrocarbon part. Methane and propane are predominant among
casing-head gases. The quantity of butanes and pentanes +higher varies over
the deposit from 11,6 to 16,8% mol. The nitrogen content in the casing-head
gases of the Arlanskays area amount to 46,5 percent on the average, and of

- the Novokhazinskaya to 43,05 percent. The gas density in alr over the deposit
varies from 1,116 to 1.250-1,277 (at a mean value of 1,185 for the Arlanskaya
area and 1,216 for the Novokhazinskaya). Along with nitrogen, casing-head
gases contain helium and argon. The helium content varies from 0,019 to 0,03
percent by volume,

The density of surface oil in djfferent reservoirs for the Arlanskoye deposit
varies from 0,881 to 0,915 g/cm”, and the viscosity from 23 to 96 cp,
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Heavier and more viscous olls are noted in_reservoir C-VI of the Novokhazin-
skaya area: the oll density is 0,900 g/om”® on the average at a viscosity of
54 cp. At reservolr C-II of the Novo!hazlnsknyn area the viscosity decreases
to 18,2 ap at a density of 0,892 g/em”,

The content of tars and asphaltenes is very inconstant and fluctuates over
4 the deposit from 14,2 to 20 percent and from 4,2 to 8,9 percent; a larger
content of them is roted in oils of the Novokhazinskaya and Nikolo-Berezov-
skaya areas. The puraffin content varies from 1 to 4,5 percent, and of
. sulfur from 2 to 4 percent, In composition the oils of those areas are heavy,
high-sulfur, high-tar and paraffin oils,

Distinctive features of the movement of oll over the reservoir can be judged
by change of the optical properties of the oll, The optical properties of

oll are determined most often by the coefficient of light absorption (kla)‘
vhich reflects the content of asphaltic and tarry substances in the oil-“[15].

Reduction of the coefficient of light absorption of oils of the pool of
reservoir C-VI on the Ashitskiy section were established by {investigations
on the Arlanskaya area in the first stage of development (1961-1963), It
was explained by losses of asphaltenes from the composition of the oil in
the process of its movement over the reservoir. A regular reduction of k1
from the vault to the limb of the structure was noted in that case. The
values of the coefficient varied in 1961 from 382 to 878 units, in 1962
from 311 to 642 units and in 1963 from 295 to 527 units. On one and the
same areas of the Ashitskiy section there occurred a gradual replacement

of the relatively low values of k, by increased values of it in time. The
differences between the minimal and maximal values of k), vas 496 units in
1961, 331 units in 1962 and 232 units in 1963,

Detailed field geological analysis permitted establishing the following:

1) the initlal values of k_under the conditions of the Arlanskoye deposit
change in the direction of increase from the 1imb to the vault of the struc-
ture; ) each oil pool in a multireservolr deposit has its own values of k, ,
and so the given values of k1 mist be studied within the limits of reser-
voirs of the same type; 3) “at the Arlanskoye deposit the k, of the upper
producing reservoirs has a smaller vaiue than that of the lower reservoir
(C-VI) within the limits of the same section; &) when there is combined per-
toration of all the producing sandy reservoirs the value of kla will depend
on the share of the section in the work of each reservoir,

Investigations of k, during 1965-1970 on the Novokhazinskaya area showed
that for reservoirs “of the same type on all sections in the course of time
a stabilization or insignificant reduction of the value of k, 1s observed
in the initial period of development, which on separate secclgns is a period
of time of up to 5 years (as on the Ashitskiy section), and later--regular
Increase of the coefficlent, This is also observed for jointly perforated
reservoirs. However, change of kla in the latter is more complicated.
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Increase of k, usually is linked with the displacement of oil from the reglon
at the contour, where under natural conditions those coefflclents have a high
value, In the practice of development of the Arlanskoye oil deposit a rela-
tive Increase of the coefficlent is noted in all wells regardless of their
position on the structure in a certaln stage. In wells situated in the

vault part, inorease of k, in the course of time also is regular and con-
stant, although the oil cannot reach there from the region at the contour.

This evidently also ls connected with change of the propertlies of the oil
in the process of its movement toward the bottom hole of the well,

Hydrogeological investigations are an indlspensable part of the field geo-
logical study of an oil deposits When stratal extra-contour, bottom and
pumped fresh and waste waters are introduced into an oill pool, complex
physicochemical changes of their composition occur, Study of the chemical
composition of the waters in the process of development permits establishing
the sources of the flooding of wells, clarifying the reasons for entrance of
difficultly soluble sediments at the bottom holes of operating wells and
solving a number of other problems.

Hydrogeologlical investigations are being successfully applied at the Arlan-
skoye oil field. The oll pools confined to different reservoirs of tha
large multireservoir deposit differ substantially in thelr structure., One:
of the main differences, along with others, of large oll pools confined to
different reservoirs can be considered the presence of contact with bottom
and stratal waters. Pools with broad water-oil zones and the presence of
contour waters are confined mainly to the lower reservoir, The waters of
the lower reservoirs are natural sources of flooding the production of many
wells,

In the terrigenous formation of the Lower Carboniferous the sandy and sandy-
siltstone reservolrs that are divided by layers of argillites and clayey
shales, representing a local confining stratum and broken down into marginal
and lowered parts of the structure, are water-bearing, The sandstones of
reservoir C-V1 are a high-pressure horizon. In view of the sharp litho.
logical variability of the reservoir rocks and the very gently sloping
descent, the waters confined to other reservoirs are stagnant and unpresg-
urized,

On the whole the stratal waters of the terrigenous formatlion of the Lower
Carboniferous of the Arlanskoye deposit are of the chloride-caleium type,
the chloride group and the sodium subgroup and have the formula S SZAZ'
Predominant in the saline composition of the waters are sodium and
potassium chlorides, which form the first salinity, the amount of which
fluctuates in the range of from 78 to 86%-equivalent,

The mineralization of the stratal water over the deposit var&os from 800 to
810 mg-equiv/100 g, and the density from 1,180 to 1,182 g/cm™ respectively,
The waters of the terrigenous formation of the Arlanskaya and Novokhazin-
skaya areas differ substantially in sulfate-ion concentration: on the Ar-
lanskaya area in most wells the 502 fon concentration is less than 1.0
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mg/equiv/100 g (0.5 mg-equiv/100 g on the average), on the Novokhazinskaya

the SO) lon concentration in most cases exceeds 1 mg=-equiv/100 g, but at

times ?: 1s 1.2 to 1.8 mg-aquiv/100 g, The concentrations of trace elaments

In vaters of the terrigenous zone are the usual ones for solutions of the

glven saline composition and have been determined in the following quanti-

ties: 270-530 mg/1iter of bromine, 1-6 mg/liter of iodine, 60-100 mg/1iter

of ammonia and about 1520 mg/liter of potassium, The calcium content is

slightly more than twice as large as that of magnesium, The mean magnesium -
content In the waters varies from 2,4 to 3,2%-equivalent,

The calecium concentration varies from 3.5 to 6,2%-equiv on the average. The
waters of the Novokhazingkaya area on the average have a somewhat larger
concentration of caleium (4.9%-equlv instead of 4.2%-equiv on the Arlangkaya
area,

The coefficlent of metamorphization varies from 2.1 to 3.7.

In the analysis of the development of the deposit, to study the character
of the flooding, about 1350 analyses of waters obtained in the process of
surveylng and developing the deposit were used, There main groups of water
were distinguished: stratal, fresh and waste.

To study the chemical composition of the waters and the main hydrochemical

- Indicators of the stratal waters, 185 analyses were used, taken from 149
wellg, a large portion of which are in reservoir C.VI (111 wells), The
waters of reservoir C-VI are classed in three groups: extra-outline, bottom
and waters of closed sections within a pool (Table 11),

Bottom waters have some differences in individual areas (for example, a higher
content of sulfate-ion is noted on the Novokhazinskaya area), but in general
are similar to one another and differ 1ittle from waters of the extra-outline
region,

A difrerent picture is observed with respect to analyses of waters taken
within close sections inside a pool (stagnant waters). The waters of reser- L
voir C-VI of the Novokhazinskaya area are distinguished especially sharply
: in comparison with extra-outline and bottom waters and even the waters of
clossd sections of the Arlanskaya area: the mean density increases to 1.182
g/cm” (1.77 g/em3 on the Arlanskaya area), the mineralization to 800 mg-equiv/
- 100 g (807 mg-equiv/100 g on the Arlanskaya area), the sulfate-ion content
to 1.71 mg-equiv/100 g (0.88 mg-equiv/100 g on the Arlanskaya) and calcium -
to 43.5 mg-equiv/100 g (41.2 mg-equiv/100 g on the Arlanskaya). -

On such sections the lower part of the reservoir is saturated with stagnant
waters that are considerably removed from the main external contour of the
pool, have a closed character and, probably, can be characterized as well
waters. Such sections have different dimensions, the waters in them are
unpressurized and they differ from bottom and extra-outline waters in their
mineralization, metamorphization and content of individual components,
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On the Novokhazinskaya area in the pools of reservolr C-V1 such sections are
confined mainly to the gently sloping eastern 1imb of the structure.

In addlition, under the conditions of a heterogenaous structure of the sece
tion, in the absence of a connection between the zones of development of
sandstones and the reglon of alimentatlon, on individual sections of a pool
with a high hypsometrie position water-bearing pillars remain, determining
an anomalous position of the water-oil contact surface, Similar sectlons
have been encountered in reservolr C-II of the Novokhazinskaya area,

Waters also were taken which had accumulated at the bottom holes of oll
vells situated in an intra-outline dry zone, An example can be waters taken
- in wells 4622, 3201 and 4038 after 6 to 8 years of dry operation. In well
4622 the waters were taken 3 months before the start of flooding with pumped
waters (July and August 1972), Well 4038 worked without water for 8 years
and 5 months, and by the date the water sample wgs taken the total taking
of oll had reached 8069 tons, and of water--50 m°,

According to the maln hydrochemical indlcators the waters of wells 3201 and
4038 are similar to waters of closed sectlions of reservoir G.VI, Thelr min-
eralization amounts to 779,06-789,04 mg-equiv/100 g, the sulfate-lon content

:801.75-1.89 mg-oquiv/100 g and the calecium content ig 36447-39,69 mg-oquiv/
8o

The wators of well 4622 have very high sulfate-ion contents (2,36-2,55 mg-
equiv/100 g) and in nineralization and caleium content they are similar to
the waters of closed sections. In our opinion they are combined waters

, which during operations have become mobile and accumulated in a small quan-
tity at the bottom holes of welis,

The above presented characteristics of the waters contained in an oil pool
are of interest from the point of view of study of the "primary" geological
prerequisites for the precipitation of difficultly soluble sediments at the
bottom holes of producing wells (in particular, of gypsum at isolated sec-
tions of the Novokhazinskaya area),

. According to the data of B, V, Ozolin [43], the solubility of calcium sul-

fate in natural brines can be judged approximately with the semi-empirical
dependence 108

- csot - c'd' ’

vhere cso and CCA are the concentration of Ca'‘ and 5022 ions, in mg-equiv/
100 g; d is the density of the solution, g/cm3.

This formula was obtained for mineralized (more than 600 mg-equiv/100 g)
and metamorphized solutions.
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Calculations made with that formula showed that the extraegutline and bottom
waters of reservoir C.VI of the Arlanskaya and Novokhazinskaya arcas contain
only 23 to 46 percent of calcium sulfate, waters of closed sactions of the
Arlanskaya areca contain 48 percent, and waters of the Novokhazinskaya area
are close to saturation (90 percent).

Waters taken from the bottom holes of oil wells after long dry operation
before the start of their flooding with pumped waters (wells 4622, 4038 and
3201) consist of highly mineralizad brines, near saturation and even super-
saturated with calecium sulfate, and can be a source of gypsum formation in
the bottom holes of operating wells,

Very favorable conditions for gypsum precipitation are created in zones
hwere the waters have an unpressurized closed character, and also in reser-
voirs that have a low initial oil saturation,

During movement through the reservolr, fresh waters pumped in the process

of development and waters of field runoffs change their chemical compos ition
(Table 12), The main reasons for that change are the different quantitative
and qualitative characteristics of the combined water during intra-outline
flooding and of stratal water during extra-outline vlooding, and also dif-
ference of the chemical composition of the pumped waters,

Knowledge of the chemical composition of these waters helps to determine
the sources of flooding of wells and also facilitates interpretation of

radiometric measurements during the monitoring of the movement of waters In
reservoirs,
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Chapter 5, Questions of Procedure in Estimating Oil and Gas Reserves

Field geological study in the process of the organization of a deposit is
reduced to refining the main distinctive features of the geologlcal struc-
ture of the deposit., In the course of mass drilling of wells the complex
relief of the surface of sandy and carbonate traps is revealed and addition-
al intormation is received about the distributlen of the thicknesses of
traps and their lithological-physical characteristics, This information
must be studied in order to determine more precisely the volume of oil
reserves for the deposit as a whole and the character of their distribution
by pools, isolated sections of pools, reservoirs and members.

To judge by experience in the surveying and development of large oll de-
posits (the Romashkinskaya, Tuymazinskoye, Arlanskoye, etc), usually even a
sparse network of survey wells permits determining the main distinctive
features and regularities in the structure of a deposit and estimating the
oil reserves of the deposit with an accuracy of within * 5 to 12 percent,
A sharp change in the quantitative estimate of oll reserves (25 to 45 per-
cent) when additional geological information is obtained can most often
be caused, not by change in the concepts of the geological structure of the
deposit (pool), but by an improperly selected method of estimating oil re-
serves or the application of various methods in the initial and subsequent
estimation of the oll reserves, A speclal role is played in this by the
procedure in estimating the oil-saturated volume of the traps.

Methods of Determining the Volumes of the Oil-saturated Part of a Reservoir

It is extremely important that as precise and reliable as possible values of
the oll and gas reserves be obtained even in the first calculations. Besides
the extent to which the object has been studied, the quantity and quality of
the starting data, the procedure for determining the volumes of the oil-
saturated rocks has a great influence on the precision of the calculations,

Usually the volume of the oil-saturated rocks is determined from a map of
the effective thickness of traps by calculating the elementary volumes and
subsequently summing them according to the formula

= ot
v 1ih1 Tyt e f;hn'
where V is the reservoir volume, in m3; f » f&, f; are the areas of the sec-

tions between two adjacent isopachous lines, “in m3; ’ h2, h_ are the

h
mean oil-saturated thickness, in m, determined as the hélf-sum Tof the ad-

jacent isopachous lines,

In constructing a map of oil-saturated thicknesses the principle of inter-
polation in zones of tapering off and replacement of oil-saturated traps is
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Important., Two methods of interpolation of thicknesses, the linear and the
nonllnear, are usually used, In the linear interpolation the zero 1isopachous
line is drawn through the well and the revealed zero thickness of the trap,

- and in the nonlinear -- at the middle distance between the "zaro" and the
nearest wells that have revealed the reservoir rock. The amount of the
relativa divergence between the rock volumes calculated by the two methods
is mainly determined by the density of the network of wells, the effective
thickness of the trap on the outer houndaries of the zones of replacement
or tapering off and the total perimeter of the latter,

Substantiated selection and systematic observation of one of the principles
in that case give confidence in the reliability of the calculated volume of
. oll-containing rocks,

Under the conditions of multireservoir deposits the amounts of the volume
of rocks can be calculated in two ways: by the sum of the volumes of indi-
vidual reservoirs according to maps of the corresponding reservoirs and
according to the map of the total oil-saturated thickness of that section
as a yhole,

With the first method the task is reduced to determining the volumes of
single-reservoir deposits (the number of which will depend on the number of
producing reservoirs in the section and :their lsolatedness on the area) and
summing them, The method of linear and nonlinear interpolation can be used
to achieve that,

With the second method only the linear method of interpolation is used, since
in multireservoir deposits the zones of replacement and tapering off of
individual reservoirs, as a rule, do not coincide in the plane, which on the
map of total thicknesses leads systematically to the displacement of zero
thicknesses on individual reservoirs at the point of the nearest wells. A
false picture is created of the continuity of actually discontinuous reser-
voirs, and this leads to increase of the area of propagation and their oil-
saturated thickness and, consequently, also of the volume, Through nonlinear
interpolation this overstatement of the volume obtained according to the
map of total thicknesses (from the data of Ve Ae Bad'yanov) can reach 25
percent,

With the second method a considerable divergence in the rock volumes can also

- be connected with the position of the oil pool outlines of superposed reser-
voirs independently of the litliological discontinuity of the traps., The dif-
ference in volumes obtained by the different methods amounted to 24 percent
in terms of the oil and gas reserves on the Arlanskaya area,

The boundaries of the oil pools of reservoirs C-II and.C-VI and their oil-
saturated thicknesses were estsblished from data on 600 wells (1964). Geo-
logical and geophysical data were studied with conslderation of studies of
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core material and samples of rocks taken with a lateral sampling device,

and also the results of testing and operation. The number of wells in which
reservoir rocks C-II and C-VI have been replaced by dense rocks is relatively
insignificant (15 and 13 percent of the number drilled). The volumes of oil-
saturated rocks in the total volumes of all reservoirs when calculated separ=-
ately amount to 40 and 31 percent, In constructing maps of the thlcknesses
of sandstones of traps the middle distances between adjacent wells were taken
as the zero line of their propagation during displacements.

The percentage of wells in which thin reservoirs were found in aisandy facles
(c-1I, ¢-II1, C-I1v0, C-1V, C-V and €-v10) on the area does not exceed 50 out
of the total number of wells drilled., However, the sum of the rock volumes
of those reservoirs amounts to less than 30 percent of the total sum of oil-
saturated volume of all the reservoirs,

To explain the difference in the volumes of rocks obtained on account of use
of different methods of interpolation, on reservoir C-VI a map was construc-
ted of the oil-saturated thickness with a zero isopachous line passing direct-
ly through the well, and not at the middle distance between the closest wells,
Instead of zones of displaement and "spots", lines of displacement and zero
points were obtained. The divergence in the volumes of rock calculated with
those maps proved to be 1.9 percent, which corresponds to the limits of the
alloyable error of planimetry,

On the maps constructed for reservoir C-II by different methods we obtain an
increase of 3,5 percent of the volume of the reservoir obtained by the method
of drawing the zero isopachous line at the middle distances between the
closest wells. Thus the divergence of the volumes also lies within the
limits of the allowable error.

The difference in velume obtained from the map of total oil-saturated thick-
nesses of the sandy reservoirs C-I + C-II + C-III and the total volume of
reservoirs C-i, C-II and C-III proved to be 9 percent,

Very often the divergences in volumes are not connected with the method of
interpolation. Near the boundaries of replacement of traps their thicknesses
are sharply curtailed, and therefore the volumes of rocks calculated by the
different methods differ insignificantly for individual thir reservoirs,

The divergence of volumes is connected more often with an unusual position
of the oil pool outlines of individual reservoirs. In our exammple the oil
pool of reservoir C-VI, in contrast with all others, has an extensive water-
o1l zone, The perimeter of the outer oil pool outline of ten oil pools of
reservoir C-VI on the Arlanskaya area amounts to over 180 km, The oil-
bearing areas of the above-lying reservoirs are far greater than the oil-
bearing area of rescrvoir C-VI, since they occupy a higher position on the
structure, Summation of the thicknesses of the upper reservoirs leads to
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Figure 54, Schematlic geological profile of the Arlanskaya
area. Increment of volume: 1 -- for reservoir C-VI; 2 ..
for reservoir C-V; 3 .- for reservuir C-1V,

expansion of the oilebearing area of reservoir C-VI to the nearest operating
wells In which the covering reservoirs consisted of a trap (Figure 54), The
distance between the wells plays a large role here,

On the Arlanskaya area during expansion of the oil pool outline of reser-
voir C-VI (at a thickness of 8 to 12 m), gradually in relation to the out-
lines of all the above-lying reservoirs, with a corresponding increase of
thickness and oil-bearing area for each of them, for reservolr C-II a weighted
mean thickness of 3,2 instead of 2,5 m was obtained, and for reservoir C-V1
5.9 instead of 4,4 m, Consequently, such a method leads to a considerable
overstatement of the volume for the glven conditions.

Thus under the conditions of a multireservoir deposit, where the separate
reservolrs have a sharp difference in thicknesses, contours and oll-bearing
areas, the maps of total oil-saturated thicknesses distort our concepts of
the structure of the oil pools,

The study of the geological structure of multireservoir deposits similar to

the Arlanskoye for purposes of analysis of the development and calculation
of oil and gas reserves should be done separately by reservoirs.
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Comparative Analysis of the Volumes of Oll-Saturated Rocks Obtained
at Different Densitles of the Network of Wells

W]

The new yaeological information about separate areas, obtained during the
drilling of deposits, is used not only to explaln detalls of *he geologl-
cal structure of numerous oil pools, More precise determinacion of the
volumes of ollegaturated rocks has acquired very great importance. At
the Arlanskoye deposit, for comparative analysis of the volumes of pools
at different densities of the network of wells, maps were constructed of
the oll-gaturated thicknesses by nonlinear interpolation for separate
reservoirs from data obtalned in exploratory drilling. The same maps
were constructed with consideration of the information, which has in-
creased by 10-15 times on the basls of data obtalned by operational
driliing,

Presented below 1s a comparative anulysis of the changes obtalned on account

of lithological and structural factors for different reservoirs and areas,

Reservoir C-VI, The oil pools confined to reservoir C-V1 differ consider-

ably in geological structure on different areas. For example, on the Arlane

skaya area the oil pools are narrow and linearly extended. Over 3¢ percent
of the oil reserves are concentrated in water-oll zones, ete,

As a result of obtaining additional geophysical information for comparison
with survey data the total oil-bearing area of oll pools of reservoir C-VI
(with conslderation of the structural position and the water-oil contact

on marginal sectlons and inslide the pool) on the Arlanskaya area was reduced

by 16,9 percent and on the Novokhazinskaya by 7,5 percent, and through en-
largement of the zones of lithological replacement within the autline, by
2,7 and 3.5 percent respectively (Figure 55).

In addition, for pools of reservoir C-VI of the Arlanskaya area a reduction
of the weighted mean oll-saturated thickness by 16 percent is observed, and
an increase of it by 0,2 percent on the Novokhazinskaya., On the whole for
reservoir C-VI of the Arlanskaya area the change of volumes is very con-

- siderable (35 percent), and 10,8 percent for reservoir C-VI of the Novo-
khazinskaya area.

A different plcture 1s observed with respect to pools confined to reservoirs

of the Tul'skiy horizon. They differ greatly in thelr structure from pools
reservoir C-VI: they are found in favorable structural conditions (as a

result of which the volumes of soil-saturated rocks in water-oil zones does

not exceed 5 percent). In producing reservoirs, sharp faclal variability
of the traps was noted (with the exception of reservoir C-1I).

The main share of the oil-saturated volume of the rocks (71-96 percent) is
concentrated in pools of the Tul'skly horizon.

When the network of wells is densified to the planned degree for separate
reservoirs, a reduction of the oil-bearing areas is noted in the main: from
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Figure 55, Positions of the oll pool outlines of reservolr

C-VI of the Arlanskaya area,

1 -- outer oii pool outline of reservoir C-VI according to
operational drilling data;

2 -- ditto, according to exploratcry drilling data;

3 -- zones of trap replacement according to operational
drilling data;

4 =~ ditto, according to exploratory drilling data.

3 (recervolr C-11 of the Novokhazlnskaya) to 44 percent (reservolr C-I of

the Nikolo-Berezovskaya). Increase of the oil-bearing area 1s observed only
in certain cases: reservoir C-V of the Novokhazinskaya by 5.7 percent, reser-
volr C-V of the Nikolo-Berezovskaya by 31 percent and reservoir C-V10 of the
Arlanskaya area by 292 percent,

For reservoir C-II the oll-bearing area was reduced on the outer outline by
10 percent on the Arlanskaya and Nikolo-Berezovskaya areas, and on the Novo-
khazinskaya increased by 5 percent,

Zones of dense rocks (lithological "windows") in the oil pool outline were
increased by 7-8 percent on all areas (Figures 56 and 57). On the whole,
however, onaccount of lithological and structural factors), a reduction of
the oil-bearing area by 17-18 percent is noted on the Arlanskaya and Nikolo-
Berezovskaya areas, and by 3 percent on the Novokhazinskaya, only on account
of the lithelogical factor. However, on all the reservoirs (except C-1 of
the Arlanskaya, C-II of the Novokhazinskaya and C-III and C-IV of the Nikolo-~
Berezovskaya area) one notes an Increase in the welighted mean oll-saturated
thickness of the producing reservoirs (of from 2.5 to 30 percent), As a
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Pigure 57, Diagram of development of traps of reservoir C-Il
of the Arlanskaya area.
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sections of development of traps with a thickness of over
5 m according to exploratory drilling data;

ditto, according to operational drilling data;

sections wvhere traps of reservoir C-II have been replaced
by dense rocks;

ditto, according to operational drilling data;

outer oil pool outline according to exploratory drilling
datas

ditto, according to operational drilling data;

increase of oil-bearing area according to operational
drilling data;

reduction of oil-bearing area according to operational
drilling data,

result, on some reservoirs an increase of volume (from 12 to 36 percent) is

observed, and

on others a decrease (from 4 to 36 percent), but the sum of

the volumes of all reservoirs of the Tul'skiy horizon according to operation=-
al drilling data varles insignificantly (3.3 percent for the Arlanskaya and
4.0 percent for the Novokhazinskaya), and only on the Nikolo-Berezovskaya
area does the reduction of volumes reach 10,8 percent,
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Thus with increase of the volume of information the boundaries of the dlse
tribution of traps in dense rocks is determined much more acourately, and
this hag led to a redistribution of the volumes of oil-saturated rocks
over different reservoirs. Howaver, the lithologlcal variability of the
reservoirs on the Arlanskaya and Novokhazinskaya area does not axert a
great influence on change of the total of the volumes of oll-saturated
rocks on the whole for reservoirs of the Tul'skiy horizon, At the same
time the volume 1s considerably reduced on aceount of the structural fac-
tor for pools confined to reservoir C-VI. Since the relative share of

the volumes of oil-saturated rocks confined to pools of reservolr C-VI ls
large, the reduction was also reflected In the size of the volumes of oll-
saturated rocks on the whole for the deposit. In a separate calculation
of oll reserves by reservoirs on all areas of the deposit the sum of the
volumes of oil-saturated rocks was smaller than according to exploratory
data: by 4,1 percent on the Novokhazlinskaya area, 15,2 percent on the Arlan-
skaya and 8 percent on the NikolosBerezovskaya,

The divergence of the volumes of oil-saturated rocks, determined on the
Arlanskaya area from maps of the total oll-saturated thicknesses and from
exploratory and operational drilling data amounts to about 10 percent, Thus
under complex geological conditions of the Arlanskoye deposit the change of
the total volumes of oll-gsaturated rocks, with use of an identical method
but with different densities of the network of wells is insignificant,

Comparison of the results obtained by the different methods shows, however,
that thelr divergence 1s very large on indlvidual areas (the Arlanskaya).

Consequently the disposition of exploratory wells on profiles with distances
of 2-4 km between them on the Novokhazinskaya and 2,5-3 km on the Nikolo-
Berezovskaya areas should be considered correct, In estimating the oil
reserves of a multireservoir deposit it is necessary to determine the volumes
of the oll-saturated rocks in the very initial stage separately by reservoirs,

The Interconnnection of Heterogeneity and Oil-Saturation

The structure and permeability of the pore space of sandstones is determined
not only by the form, packing and cementing of the mineral grains but also
by the amount of compacting pressure [1], the result of which in turn is
determined by lithological features of the reservoir trap (clayeyness, car-
bonateness, etc). Therefore the pore space of sandstones can be represented
in the form of a network of overlapping slits. Consequently, under real
geological conditions the reservoir trap consists of an anisotropic medium
with a porosity and permeability that vary over both the section and the
course, In addition, the complexity of the distribution of porous-perme-
able varieties in a producing reservoir is intensified by the presence of
macroheterogeneity expressed i1 interstratification, rapid petering out and
the replacement of clayey and other relatively impermeable layers by perme-
able varleties,
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In the process of seepage, particles of 1iquid pass through a large number
of chaotic distributions In space and pore canals of different sizes, The
presence in the path of linearly seeping Liquid of media with different
permeability will be accompanled by the effect of seepage refraction with
damping of oil seepage from the medium with greater into the medium with
lags permeability, The damping of oll seepage In a porous medium can also
be caused by physicochemical phenomena. As has been. establlghed by the
exper imental investigations of P. A. Rebinder, M. M, Kusakov, K. Yo, Zin-
chenko, F, As Trebin, G, A, Babalyan, 1. L, Markhasin and G. V. Rudakov
(1], the rate of seepage of oil containing polar components is reduced con=
siderably on account of reduction of the clear opening of the pore canals
as a result of adsorption of the polar components on the surfaces of quartz
* grains, The intensity of adsorption of thoge components rises with increase
of their content in the oil and with inorease of the specific surface of
the resorvoir traps and their hydrophily,

The distribution of oil saturation in an oll pool will have a rather complex
plcture, caused both by petrophysical features of the structure of the
reservolir trap (variation of permeability, porosity, micro- and macrohetero-
genelty, etc) and by physicochemical phenomena that arise in the reservoir.
during oil seepage,

Under the conditions of a real oil pool the influence of the above-indicated
petrophysical and physicochemical factors leads to a reduction of oil-satu-
ration with approach to the zones of replacement of the reservoir rocks and
to a different oil saturation of the separate sandy layers in sections where
an alternation of permeable and impermeable varieties is noted. In addition,
the zones (sections) of an oll pool that have a weak connection with the
external region of alimentation will also have low oil saturation., Besides
low oil saturation the presence of free water with an anomalous position of
the water-oil interface is possible in such zones, since to £111 the reser-
voir with oil simply high permeability of the trap is Insufficient, and it
is necessary that the reservoir have avalilable paths for the emigration

of water from the filled volume of the reservoir. Therefore the change of
oll saturatlion is more sensitive to change of the lithological heterogeneity
of a producing reservoir than other parameters such as the coefficient of
arenosity, heterogeneity, etc,

V. M. Berezin determined under laboratory conditions the coefficlent of

residual initial water-saturation for seven wells of the Arlanskoye deposit,
The content of resldual water for separate intervals of reservoir C-11 vary
frem 3.3 to 627 percent, and for reservoir C-VI-- from 10,3 to 35 percent.

For a large number of wells a determination was made of the residual water=
saturation according to field geophysical data (2679 determinations). The
obtained mean values agree well with the laboratory determinations based on
cores.
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The mean residual water content in thin clayey reservoirs is large--about
30 percent or more. This is confirmed by operating data from many wells
at a deposit working thin reservoirs. A small quantity of water appears
periodically in the production of those wells,

As an example of the distribution of oll-saturation we will examine oil pools
in reservoirs C-I1 and C-V1 of the terrigenous formation of the Lower Carbone
iferous of the Novokhazinskaya area of the Arlanskoye deposit. The oil-
saturation coefflcient was determined from the resistivity, with consider-
ation of the porosity and permeability.

One of the distinctive features of terrigenous deposits of Carboniferous
age as compared with terrigenous deposits of the Devonlan of Shkapovskoye,
Tuymazinskoye and other deposits 1s a high content of clayey material,
which in the presence of better trap propertiaes causes a high content of
combined water, In visual study of traps of the terrigenous formation

an irregular saturation of the rocks with oil is noted. Very intensive
saturation is noted in very porous and permeable varieties of sandy rocks.
With increase of clayeyness the oil saturation diminishes or is not noted
at all, The oi% saturation is also inconstant in indlvidual layers.

The distribution of oil saturation in pools was analyzed together with maps
of types of sections (Figures 28, 33), reflecting lithofaclial characteris-
tics of the structure of the producing reservoir, and maps of the coefficient
of arenosity, reflecting the heterogeneity of the section. Combined analysis
of those maps permitted establishing that the zones of maximum oil saturation
(90 percent or more) of reservoirs C-VI and C-II correspond to the zones of
development of homogeneous sandstones with maximum thickness. In the zones
of development the oll saturation of only the upper part of the reservoir

is reduced. In the zones of development of the lower part of reservoir C-VI,
which is very developed in area and is characterized by high trap properties,
the oll saturation can also reach 90 percent in Individual sections of the
pool. In zones of frequent interstratification or development of the upper
part of reservolr C-VI the oil saturation reaches 68-78 percent, Thus, on

a background of high values of oll saturation in the central part of the
Novokhazinskaya area sections are noted with low values of the coefficient

of oil saturation (70-80 percent), Only the upper part of reservoir C-VI

is developed there in the sectlion, although the gypsometric position of

those sections is high,

The behavior of the oil saturation structure contours in general agrees with
the behavior of those of the coefficient of arenosity and the development of
types of sections., This is especially evident from the example of a pool
confined to reservoir C-II, The reservoir is falrly well developed in the
central part of the area, and only on lsolated sectlons are its lower or
upper parts replaced. The maximum values of the coefficients of arenosity
and oil saturation correspond to the zones of confluence of the reservoir,
However, the contour lines of equal values of the coefficient of oil satur-
ation are displaced somewhat and the area of maximum oil saturation is
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somevhat smaller than the area of davelopmant of sandstones with maximum
thickness, This confirms well the abuve-noted hypothesis of a dependence
of the oll saturation on the petrophysical properties of the reservolr and
the physicochemical properties of the oil.

The distribucion of oll saturation 1s controlled to a considerable degree
by the presence of a connection between the zones of development of sande
stones and the region of alimentation. Thus, for example, in the north-
eastern part of the pool the reservolr of sandstone C-1I is developed in

a narrow band, extended from the northeast to the southwest, The zone of
development of that sandstone is controlled by zones of complete or partial
replacement, The oll saturation of sandstones in that zone 1s 78-82 per-
cent and only on lsolated sectlons does it reach 87 percent, A similar
pleture is observed also in the eastern part of the pool of reservoir C-II,

The absence of paths for the emigration of water when the trap is
filled with oll had the result that on isolated sections of the pool with

a high hypsometric position pillars of pure water remain which cause the
appearance of anomalous water-oil contacts. One can cite as an example the
presence of pure water in reservolr C-II in the section of well 229, situ-
ated In the vault of the elavation. The water-oil contact mark in that well
1s at -1137.,4, that is, about 6-10 m higher than the mean position of the
water-oil contact for reservoir C-II,

In lsolated cases the redistribution of petroleum and water in the process
of pool formation leads only to the formation of zones of high water satur-
ation in the bottom of the reservoir.

This phenomenon is characterized by reduction of the resistivities toward

the bottom of the reservoir, with the formation of transitional zones in
saturation with oil in the absence of a limitingly water-saturated part of
the reservoir., During testing those reservoirs, as a rule, start to work
with a small percentage of water, the appearance of which is connected with
its arrival directly from the reservoir, dissected by perforation, and not

on account of flcoding of the poor in the process of operation, Thus, for
example, in well 3227 reservoir C-II is dissected in the interval 1210-1214.8
m. Electrometry reveals that the reservoir is homogeneous with a transitional
zones During leakage from the reservoir a flow of oil with &4 percent water
vas obtained, Similar results were obtained during the testing of wells
3719, 3256, 3715, etc, in which the producing reservoirs had a transitional
zone of saturation, Reservoirs with a transitional zone in the absence of

a limitingly water-saturated part are developed very widely in the pool of
producing reservoir C-1I,

The above-presented data permit drawing the following conclusions.
1, The distribution of oil saturation in a pool is closely connected with

the petrographic features of the reservoir structure, the degree of its
heterogeneity and the propertlies of the olls themselves.
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2. Maps of oil-saturatlion reflect to a consliderably greater degree the
heterogeneity of the structure of a reservoir than do other parameters

(the coaffliclents of arenosity, heterogenelty, ate), since the dlstribution
of oil saturation is more sensitive to various types of structural and
physlcal heterogeneities of the reservolr trap.

3¢ An Important role in the diatribution of oil saturation over a pool

s played by the presence or absence of a connection of the reservoir trap
with the reglon of alimentation, The absence of paths for the emigration
of water from the pool as it is filled with oll determines the degree of
filling of the pool with oil and contributes to the formation of zones

of high water saturation in the bottom part of a producing reservoir and
even lsolated pillars of water, which leads to the formation of zones with
anomalous water-oil contacts.

4, Knowledge of distinctive features in the distribution of oil saturation
over a pool is of great Importance in analyzing the development of a deposit,
as it permits forecasting the process of flooding the pool and estimating
the degree of its development.
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Chapter 6. The Use of Geologlcal Investigations for tha Planning
and Analysis of Davelopment

Distingulshing Objects of Davelopment

Very critical tasks of geological fleld investigations in planning the de-
velopment of multireservoir deposits are the selection and substantiation
of objects to be worked, These tasks must be solved to assure the most
complete working of reservoirs possible at high rates and with the best

. technological and economic indicators.

Objects are distinguished in the stage of the principal (general) or tech-
nological plan of development with a small number of starting data, The
need to distinguish independent objects of development or to combine the
main producing reservoirs into a single object of development is substan-
tlated by the geological field and the technological and economic indlcators.

At large multireservolr deposlits of Uralo-Povolzh'ye, Western Siberla and
Mangyshlak (Tuymazy, Shkapovo, Mukhanovo, Samotlor, Sovetskoye, Ust'-Balyk,
Uzen', etec), 2-4 objects of development with independent networks of wells
have been distinguished in a producing oll-bearing section., At the Romashe
kinskoye and Arlanskoye deposits the main producing reservoirs are being
worked jointly, The geological field characteristics of the objects of
development, which influence the productivity of wells, the working of oil
reserves, the flooding of pools, ete, have similar values of some parameters
and differ substantially in others, At the Arlanskaya area, on an oil-bear-
ing member of Kashiro-Podol'skoye carbonate sediments wells with an inde-
pendent operational network have been drilled, The main criteria in dis-
tinguishing objects of development were the reserves and quality of the oil
and the proposed devaelopment systems. In recent years in Western Siberia

a trend has been designated toward the distinguishing of multireservoir
objects with the largest thicknesses. Contributing to this were the assumed
possibilities of simultaneous separate working of several producing reser-
voirs and regulation of their development through the separate pumping of
water. In addition, such geological and physical factors were taken into
account as the presence or absence of a hydrodynamic connection betwaeen
producing reservoirs, the thickness of the section between producing for-
mations, the seecpage propertlies of the traps, the types and rogimes of the
pools and the physicochemical propertles of the oils,

The variety of geological field parameters and their variability predeter-
mine pecullarities in the structure of each object of development and the
differences between them, Thelr similarity is manifested only in the fol-

loving very general characteristics. All the comparable objects of devel-
opment are distinguished at deposits confined to large elevaticas--folds
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of the platform type, The main fleld reserves in them are connected with
reservoirs of torrigenous sandysiltstone traps of the pore type. Consid-
erable o1l reserves are concentrated in the water-oll zones.

The differences existing between objects of development can be determined
from a number of parameters and indlcators.

An important indicator that characterizes objects of development is the
quantity of specific oll reserves per well. This Indleator to an important
degree determines the selection of the development system and its profite
ability and can be used in comparing objects of development only when the
well network density values are identical or similar. This conditlion is
met by objects of development I and Il of the Uzen' and Shkapovo deposits,
where the well network density is approximately identical over the entlre
oll-bearing area., Comparison shows that the oil reserves per well at Uzen'
objects of development are 2 to 4 times as large as at Shkapovo objects of
development,

The specific oil reserves per unit of area can serve as objective indlcators
for comparison, The Samotlor and Uzen' objects of development have the
largest specific reserves, and the Tuymazy, Shkapovo and Arlan have the
smallest,

An important parameter characterlzing objects of development is the weighted
mean thickness of the traps (Table 13). On the deposits under consideration
that parameter in its main features determines the possible productivity of
the operating and pressure wells and can be determined relatively precisely
from a small number of wells in the stage of compilation of a block or tech-
nological diagram. This permits comparing the thickness of the objects of
development drilled with different well network density.

All objects of development can be divided into two groups on the basis of
the value of the mean thickness of the traps. In the first group are placed
objects of development with a relative thickness of 1 to 1.8, and in the
second those with a relative thickness of 2 to 3,2 conventional units,

Included in the first group are 10 objects of development, including Shka-
povo (DI and DIV)' Tuymazy (DI and Dn), Samotlor (Az - As), Uzen' (XVII

and XVIII), Sosninsko-Sovetskoye (Al. and Ba) and Mukhanovo (object Il.-.
reservoirs Cyp + Cppy + C )e Included in the same group are an object of
development o% the  Arlanskoye deposit (C-II + C-V, etc) and a large portion
of an object of development (D,) of oil field areos of the Romashkinskoye
deposit with the exception of its central parte.

The second group includes six objects of development: Samotlor (A,‘_S and
58), Uzen' (XIII+XIV and XV +XVI) and Mukhanovo (cl) and DI + DII + DIII +

DIV‘ In addition, objects of development of the Abdrakhmanovskaya area of
the Romashkinskoye (DI) and Ust'-Balykskoye (81 +B, 4+ Bl.) deposits can
be included in the second group foratz'.heir large thicknesses.
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Table 13 (Key)

1 -- Deposit, area 11 -- Paraffin content, %

2 -- Objacts of development 12 -« DI

3 -- Producing horizons 13 «- Up to 6

4 -- Thickness of traps of object 14 -- ete
of development 15 -~ Shkapovskoye

5 == Number of oil reservoirs in 16 -- Novokhazinskoye
object of development 17 -- Tuymazinskoye

6 -- Coefficient of breakdown of 18 -- Mukhanovskoye
object of development 19 -- Abdrakhmanovskaya

7 «- Permeability, mD 20 -- Sosinskoye-Sovetskoye

8 -~ Viscosity of stratal oil, cp 21 -~ Samotlorskoye

9 -~ Density of stratal oil, g/cm3 22 -~ Uzen'skoye

10 -~ Asphaltenes and tar content, %

It follows from the comparison that most of the objects of development belong
to the third group on the basis of the trap thickness. Attention is attracted
by the fact that the thickness of traps of some large objects of development
of Uralo-Povolzh'ye, for example, Shkapovo (DI and DIV) and Tuymazy (DI) is

one-half to one-third as large as the same parameter in larger objects of
development of Samotlor (AQ-S and BB)’ Uzen' (XIII + XIV and XV +XVI) and
Ust!'-

st'-Balyk (B1 *B, 4%t Ba).
From experience in the development of large multireservoir deposits of Uralo-
Povolzh'ye it is known that the productivity of wells, the rates of develop-
ment, the inclusion of reservoirs according to thickness, etc, are in a direct
dependence on not only the thickness of the object but also the lithological
heterogeneity of producing reservoirs.

Objects of development usually consist of an interstratification of reservoir
rock of varlous thickness and permeability and the dense rocks bedded between
them, Therefore it is correct to compare them by means of different coeffic-
ients reflecting the geological heterogeneity of all the pools constituting
the object of development,

Used for a comparative estimation of the heterogeneity of the lithological
structure was the breakdown coefficient, which on the objects of development
under consideration fluctuates in the range of 1.9 to 11.7, In general form
a direct dependence of the breakdown on thickness is observed. Objects of
development Samotlor (I, II and III) and Uzen' (I and II) have the largest
breakdown and contain a large number of oil-bearing reservoirs and inter-
stratifications. Thus, for example, their breakdown coefficients fluctuate
in the range of 11,7 to 6,8, The maximum number of oil-bearing reservoirs in
sections of wells of objects of development Samotlor and Uzen' reaches 15 to
25 as against 6 to 10 reservoirs in the objects of development of most other
deposits., The objects of development of large deposits of Volgo-Ural'skaya
Oblast are relatively less broken down.
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The principal physicochemical properties of oils that affect the development

of pools (the viscosity and temperature under reservoir conditions, the gas
factor, the saturatlion pressure and the content of asphaltenes, tars and
paraffin, ete) in producing reservoirs separated by small intervals of dense
rocks differ insignificantly within most deposits. This contributed to the
combinatlion of several producing reservoirs and horizons into single large
objects of development at the Arlanskoye, Uzen'skoye and Samotlorskoye deposits.

The differences in oil properties were one of the reasons for distingulshing
’ Independent objects of development only at the Shkapovskoye deposit, The vis-
cosity of oil of the upper object, reservoir D. of that deposit is 4 times
greater, the olls are heavier, and the gas facgor is one third as much as with
olls of the lower object, reservoir DIV‘ In addition, at the Mukhanovskoye
deposit the pools of reservoirs DI’ DII’ DIII and va, the oils of which also

differ in thelr physicochemical properties, were included in a single object
of development,

In examining the composition of olls attention is attracted by the relatively
high content of asphaltenes and tars in olls of the Arlanskoye (22.4 percent)
Uzen'skoye (17.7 percent), Shkapovskoye (reservoir DI--I&.9 percent) and Tuy-

mazingkoye (13.2 percent) deposits,

The presented data indicate that some objects of development distinguished at
the Uzen'skoye and Samotlorskoye deposits consist of very large objects in
comparison with objects of development of the large deposits of Uralo-Povolzh'ye.
Among the latter, objects of development of the Shkapovskoye (D y and DI) and
Tuymazinskoye (D.) deposits are the smallest in thickness, in }ndicntors of
heterogeneity ahd in content of reserves per well and per unit of area, Those
reservolirs are now entering a late stage of development, Many years of exper-
lence in operating them has proven to be highly profitable. The final oil

yleld for those objects with the existing development system reached 0,5-0,55.

The coefficlent of oil yleld is determined to a considerable degree by the co-
efficient of inclusion, Experience in the development of multireservoir deposits
of Uralo-Povolzh'ye shows that when a large number of reservoirs are combined
into a single object high inclusion is not successfully achieved over the thicke
ness by flooding, Moreover, the process of flooding become difficult to control.

Due to the fact that the objects of development of the Uzen' (I and 11) and
Samotlor deposits are very stratified, it is advisable, evidently, to divide
them into smaller objects in order to increase the completeness of the working
of the oil reserves,

On the Arlanskaya area two objects of development have been distinguished:
reservoir C-VI (confined to the lower part of the section, has larger thick-
nesses than other reservoirs, pools are of linearly extended form, a consid-

erable portion of the reserves is confined to water-oil zones, etc); reservoirs
c-vio0, C-v, C-1v, C-IVO, C-I1I, C-II and C-I are combined into a second object
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(the producing reservoirs have small thicknesses, except C-II, low values
of permeability, and the zones of distirbution of traps in the plane do not
- coincide). Six large sectlons of development (I, II, IIl, IV, V and VI)
- were distinguished, three in the southern part of the area, where there ars
two objects in tho sectlion, and three in the north, where there is mainly an
upper object,

On the Novokhazinskaya area, in contrast with the Arlanskaya, in the sectlion
of the terrigenous formation of the Lower Carboniferous there 1s a layer of
limestone 4 m thick. All the producing reservoirs bedded below that 1imestone
==a "boundary mark," havea single water-oll contact, and those bedded above--
ailayer of vater-oll contact that extends for 20-25 m above in absolute po-
sitlon,

Combined into objects of development were reservolrs controlled by a single
water-oil contact surface, The lower object includes reservoirs C-VI, C-VIO,
C-V and C-1V, and the upper consists of the single reservolr C-11, which in
thickness and trap properties for the most part surpasses reservoir C.VI,

The distinguishment of producing members (objects) on the Novokhazinskaya area
should be considered more successful than on the Arlanskaya, In the lower
object in proportion to its flooding, work on the lsolation of the lower reser-
voir is possibles After the lower object has been flooded the well can be
transferred to the working of higher-bedded relatively impermeable reservoirs,

The Effective Disposition of Reserve Operating Wells

In planning the development of oil deposits,ibesides the basic number of oper=
ating and pressure wells, the drilling of a number of reserve wells 1s also
envisaged, The drilling of those wells is an important technnlogical measure
to maintain the oll output and increase the oil yield, if in locating each well
distinctive features of the structure of reservoirs on the given section and
the state of thelr development are maximally taken into consideration,

On the Arlanskaya area according to the adopted alternative are arranged wells
of the main group on a 600x 800 m grid (separately for the lower and upper
objects) and 500x 600 m for the combined working of lower and upper objects,

It was planned to develop the area with the support of stratal pressure through
the Introduction of extra-outline (mainly the lower object) and intra-outline
(the upper object) flooding., The first series of operating wells on the lower
object were planned to be at a distance of 1000 m from the pressure wells,

Rows of operating wells of the upper object were placed between the rows of
operating wells of the lower object,

On the Novokhazinskaya area according to the approved alternative of develop-
ment (1962), separate working of objects of an independent well network with
a density of 800x 600 m per object taken separately was envisaged,
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At the Nikolo-Berezovskaya area reservolr C-V1 1s mainly water-saturated,

and all the above-lying producing reservoirs have lower trap properties and a
higher degree of discontinuity than at the Arlanskaya, Therefore the system
of arrangement of wells on a triangular grid with a distance of 700 m betwaeen
the wells was used there.(1964),

In the disposition of reserve wells at the Arlanskoye oil deposit, in view of
the very complex geologlecal structure, it proved necessary to apply multiple
contraction of the grid (due to non-coincidence in the plane of zones of

v development of traps, the very complex position of the oil pool outlines of
beds confined to individual reservoirs and layers, ete),

. Reserve walls have been sunk: on sections with a high productivity of reser-
voirs (where the potentials are not being utilized because of 1imited produc-
tivity of existing deep-pumping equipment under a 127-mm operating column);
In zones of high productivity of water-oil pools of reservoir C-VI where the
above-lyling reservolr C-II has not been drawn into active development (the
combined working of both reservolrs on such sectlions is not rational due to
flooding of reservoir C-VI, but simultaneous separate working of reservoirs
C-11 and C-VI 1s impossible due to an absence of rellable equipment); on sec-
tlons where there proved to be an even number of rows of operating wells
(2 or 4) in connection with the introduction of additlonal geparate rows and
foci in order to regulate the development of oil reserves and contract the
oil pool outlines; in zones of the possible formation of oil pillars to deter-
mine the saturation in assumed eroded zones of producing reservoirs.

Reserve wells were arranged over the inner oil pool outline on an area with
a total oil-saturated thickness of the trap of at least 3 m or in a water-oil
zone with an oll-saturated thickness of at least 4 m. On the Novokhazinskaya
and Arlanskaya areas the reserve wells were arranged in rows between drilled
] operating wells in such a way that the distance between the main operating
'! and reserve wells proved to be 300 m, and the distances between rows to be
400 m (on an original grid of 600x 800 m),

On the Nikolo-Berezovskaya area the wells were planned in parallel rows drawn

through the bases, apices and centers of triangles formed by the grid of oper-
- ating wells. The distances in the rows between wells and between rows were

350 m, On each well of the maln grid there are three reserve wells. Thus

the area with a well network in zones where reserve wells can be arranged

(according to the above-presented conditions) was 12 ha on the Arlanskaya and

Novokhazingkaya areas and 10,5 ha on the Nikolo-Berezovskaya.

Analysis of the geological field data showed that on the Novokhazinskaya area
compaction of the network to 12 ha can be accomplished in practice on prac-
tically all sections except the marginal ones, where as a result of unfavorable

lithological and structural conditions on separate zones the inclusion of
reserves diminlshes to 89-91 percent,
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Due to the considerable heterogeneity of the structure of the oll pools of

the Arlanskaya area the highast inclusion (73-96 percent) of the area of the
compacted network s observed in its central part, where two objects of devel=
opment are represented simultaneously in the section (sestions II, III, V and
VI) and the lowest (16-70 percent) on marginal sectlons. The inclusion of
total oll reserves of all reservolrs of the compacting network on individual
sections of the Arlanskays area varles more than twofold (46-98 percent).
However, analysls of the inelusion of oil-bearing areas and oil reserves by
pools confined to individual producing reservolrs shows that on the Arlanskaya
area, when reserve wells are arranged with observance of the deseribed condi-
tions, a relatively uniform inclusion of the compacting network of pools ls
achleved both ss regards area (63-78 percent) and as regards oll reserves
(63272 percent). On the Arlanskaya area, with a compacted network of the dis-
position of wells as a function of the structural and lithologlcal conditlons
the specific reserves per operating well for the pools of the main reservoirs
(C-I1 and CaV1) differ by a factor of 2 or 3, However, on the same sectlons
with regard to the sum of the reserves of all pools the values of the indi-
vidual reserves differ by not more than 15 percent,

On the Nikolo-Berezovskaya area the reserve wells are arranged on two small
sections where the zones of development of traps of the main producing resere
voirs C-I11 and C-III coinclide in rhe plane, On the whole the incluslon of

the compacting network on the Berazovskaya area was 19 percent for the area
and 28 percent for the balance :eserves. Compaction of the wells network
permits substantially increasing the inclusion of the producing formation of
the development under conditlons of joint development of different reservoirs.

A considerable increase in the yield of oil was obtained in 1969-1972 on ac-
count of the introduction of reserve wells into operation at the Arlanskoye
oll deposit (Table 14).

Improvement of the Original System of Arrangement of Pressure Wells

The exlsting practice in planning the development assumes the selection of the
main elements for maintenance of the stratal pressure as early as during com-
pilation of the technological plan. In the selection of flooding, the prin-
ciples of the arrangement and the location and number of pressure wells, the
volume of water pumped and the pumping pressure are determined in the first
planning documents, The optimum variant of the flooding system is substantli-
ated by data obtained in hydrodynamic and economic calculations made for models
of pools. After approval that varlant is used in practice.

Due to the fact that real conditions of development and the structure of the
reservoirs are far more complex than is assumed in the model, during the
introduction of technological processes appears a non-correspondence of the
adopted conditions of development to distinctive features of the pool structure
or the obtalned technological and economic indicators. A need arises to modify
the adopted flooding system.
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Table 14, Effectiveness of drilling of regserve wells

1 KoAlwed100 perehaniax ennz 3
i s o | 2o RO S
m'f‘:a:o““ no haouaAAM
Iy & “ (V) " s 1Y o a 1Y) 5
3 6,3 2,0 2,9
}3?3 6.3 16,2 7.5 13,4
: 1071 10,2 22,6 13,8 23,4
1972 16,6 27,9 2,6 273

Key: 1 == Years of development
2 -- Number of reserve wells in operation, percent of total number of
wells by areas
3 <« Yield of oll of reserve wells, percent of yield by areas
4 == Arlanskaya
5 <« Novokhazinskaya

Table 15, Presence of traps in opurating and pressure wells

1 2
Aenayaraunon. INCNA YaTaumON:
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oreyteinyior (%)
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Cll, M

== Indicators

-~ Operating row of wells west of dissecting pressure row

-- Dissncting row of pressure wells

Operating row of wells east of disgsecting row

-~ Total number of wells

-- Number of wells in which there are no sandstones, percent
-- Mean thickness of sandstones of reservolr C-II, m

- Key:
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]
s
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Experience in the development of the Arlanskoye deposit is lnatructive in
that respect, Adopted mainly as the general plan was internal flooding
- through pressura wells arranged in 1inear serlies along the long axlis of
the structure, The oli-bearing area of the deposit, 10 years after the
start of operations, was cut up into several long bands with a width of
3 to 5 km, Detalled geologlcal fleld analysis showed that a continuous
front of pumping through series of pressure wells was not successfully formed,
Due to complex faclal-lithological conditions water was pumped through a
portion of the pressure wells.

Thus, as regards reservoir C<Vl, in the pressure wells several large fool
outside the contours were distinguished that exert no influence on the pool
because the reglon outside the contour proved to be in better facial condl.
tions than the zone of the reservolr near the contour. With respect t6
reservolr C-I1, In the pressure series the influence of pumping was noted
only on the first serles, in the best case on the second operating series.
As regards the reservoirs of the middle member, it was establlished that either
the wells of the main pressure series are arranged in zones of trap replace-
ment or the middle member has been shifted in the nearest operating wells.
When pumping is done in accordance with the samples the pumpling outside the
contours on reservoir C-V1 on sections II and 11l was gradually halted, and
on reservolr C-11 and the Intra-outline zone of reservoir C-VI an additional
pressure series was introduced, and the wide introduction of focal flooding
on the middle reservolrs was recommended, Later, in complling the plan for
the development of the Arlanskoye oil deposit, similar changes were intro-
duced on a broader scale.

In the sections of many pressure wells the traps were replaced by dense rocks,
For a trap thickness of less than 1,2-1,6 m at the attained pressures, they
have practically no intake capaclity.

In 214 reservoirs (24 percent of the total) wacgr {s not taken in at all, 1In
177 reservoirs (20 percent), not more than 50 m”/day of water is pumped in,

In 116 reservoirs 513 percent of the total) the water intake capacity is not
more than 51-100 m”/day., Thus in 507 reservoirs (57 percent of all discovered
perforations) the intake capacity is zero or negligibly small,

As a result, continuous dissecting lines with a great length have not been suc-
cessfully created at the deposits The lines of pressuring consist of rela-
tively short series of pressure wells (1 to 10 wells) on each reservoir within
the limits of individual sections or faclal-structural zones (Figures 24,
27-30, 58).

The main reason for such a phenomenon is that the degree of heterogeneous
structure of traps of the Arlanskoye deposit is very high. This has been
established from a large amount of additional information on the geological
structure of the pools. The series of ptanned pressure wells proved to be
in zones with little or no trap thickness. Individual pressure wells
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have revealed sandstones with good characteristics and intake capacity on

the edges of lenses; pumplng through them ls done unilaterally from the direce
tion of development of sandstones with better trap qualitles. Many sandstone
lenses are not inecluded at all in the flooding (Figures 24, 29, 30). Thus,

on one of the sections of the Novokhazinskaya area the dissecting serles proved
to be In the zone of smallest thicknesses and an absence of traps of reservoir
C-I1 (in 48 percent of the wells) in comparison with neighboring series of
operating wells (Table 13),

b The heterogeneous structure of the section exerts a considerable influence
on the effectiveness of the gystem of flooding by the dissecting series and
in the case of a combination of two objects (that is, of two dissaecting series)
. in a single series of pressure wells, Such a combination was widely carried
out at the Arlanskoye deposit, 1In 204 pressure wells over 400 reservoirs were
combined, Of them in 6 percent of the wells the intake capacity is zero, and
a considerable portion of the reservoirs have a low intake capacity, In 52
percent of all wells only one reservoir works out of two perforated; in addi-
tion, 84 reservolrs (31 percent) gre in vells where two working objects are
noted and take up less than 100 m°/day., Thus 83 percent of the wells are
working on practically a single reservoir of some kind,

For the Arlanskoye deposit, which has great oil viscosity, breakdown and zon-
ality of development of sandstones, the task of developing the intermediate
reservoirs (C-I, C-I1II, C-1V, C-V and C.VIY) g very urgent, Of 883 cases
of the discovery of intermediate reservoirs in pressure wells, only 190 take
up water (21,5 percent as against 51 percent in the main reservoirs). The
percentage of wells with low intake capacity in Intermediate reservoirs is
still_higher than in main reservoirs (with an inteke capacity of less than
100 m3/day--56 and 45 percent respeotively),

Thus, in the arrangement of pressure wells in serles confined to definite
lines, under the conditions of the multireservoir, structurally very hetero-
geneous Arlanskoye oil deposit one notes: 1) an absence of a continuous front
of pressure on individual reservoirs; 2) the arrangement of a considerable
number of séparate pressure wells in zones of relatively small thicknesses
of sandstones or in zones of the replacement of traps; 3) an absence of the
inclusion of flooding of separate lenses of sandstones; 4 ) an absence of the
possibility of taking into account the structure of traps of all reservolrs
during the combining of two objects (up to 6-8 reservoirs) into a single

. pressure well; 5) lagging in the creation of reserves from lenticular thin
reservoirs,

To judge from experience in the development of the Arlanskoye deposit, line-
arly extended series of pressure wells should be used under conditions of
broken down and zonally developed traps for separate reservoirs of sandstones
that have considerable zones of development,
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Figure 58, Diagram of the distribution of traps over
reservoirs confined to the middle part of the section
of the terrigenous formation of the Arlanskaya area.

1 -- sections where the areas of development of traps of reservolxs C-IV and
C-V coincide in the plane;
2 -- sections of development of traps only of reservoir C-V;
3 -- ditto, only of reservoir C-1V;
4 -- ditto, of reservoir C-IV";
S -- ditto, of reservoir C-VIO;
6 -- sections completely without traps;
7 -- pressure wells where reservoir C-IV works according to RGD data;
8 -- ditto, for reservoir C-V;
9 -- pressure wells where reservoir C-IV does not work according to RGD dataj
10 -- ditto, for reservoir C-V;
11 -- pressure wells of the Arlanskaya area;
12 -- pressure wells where reservoirs C-IV and C-V work simultaneously accord-
ing to RGD data;
13 -~ pressure wells where reservoirs C-IV and C-V do not work similtaneously
according to RGD dataj
14 -~ summary outside oil pool outline of pools confined to the middle part
of the section, drawn according to VPK position;
155-~ ditto, drawn along boundary of lithological replacement of rocks.
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To increase the effectiveness of the flooding system at the Arlanskoye
deposit 1t is nocessary to stop pressurizing the water in lndividual wells
of the series where a low intake capacity is noted (besides foecal in zones
with a small thickness of the sandstones)., This permits Increasing the
volume of preventive work on lagging wells,sdrereasing the pumping volume
in them and improving the efficiency of the system as a whole,

Under conditions similar to the Arlanskoye deposit the use of selective
. flooding from the very start of development 1s very effective, It permits
Increasing the inclusions of reservoirs in the flooding, avoiding excess
and ineffective pressure wells, assuring sufficlently high rates of oil
extraction in the initial period, etec.

Under the condlitions of mulitreservolr deposits during the combining of
several reservolrs into a single object of development one of the main prob-
lems 1s very complete exhaustion of the oll from each reservor and each lens,
It is necessary to strive to create independent networks of pressure wells
and systems of effect (focal, dissection, ete) on cach reservolr of the
object, Economic calculations must be accompanied by careful consideration
of the technological efficiency.

Obviously it is inadvisable at the start of development to rigidly determine
the position of pressure wells. It is more advisable to select their loca-
tion after drilling the basic group of wells,

Some Questions of Monitoring the Development of Deposits

In the development of deposits with the use of flooding methods the role of
geophysical fleld methods of investigating wells grows. In the period of
increase of the flooding of production and increase of the number of flooded
wells, - the main task of geological field investigations, side by side with
estimation of the production of reservoirs, is the study and prediction of
the paths for the movement of water through the reservoir to the bottom
holes of operating wells,

. At the present time radiometric methods (NGK, INK and INNK) are widely used
to monitor the flooding of producing reservoirs and rise of the water-oil
contact, The investigation and interpretation of the results of measure-
ments are a complex task and require a creative approach to each specific
cases The spatial distribution of thermal neutrons and gamma-radiation
registered during radiometric investigations wds caused both by moderating
and diffusive neutron propertlies of the investigated medium, If the moderat-
ing neutron properties of the medium were caused by the hydrogen contained

in it, the diffusion properties of the medium, which determine the ability

of the medium to absorb and scatter thermal neutrons, depends on the content
in the medium of elements with a large capture cross-section (chlorine, boron,
etc), Such factors as the quality of the oil, the saline composition of the

143

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9

FOR OFFICIAL USE ONLY

stratal water, the degree of saturation of the rocks with it and the litho-
loglcal characteristics of the rocks influence in different ways the regis-
tered parameter,

To determine the oll and water saturation of traps in aased wells of

the Arlanskoye deposit, the pulged neutron-neutron method ls widely used.
Determination of the valuas of the parameter T* as a funotlion of the char-
acter of the saturation, obtalned from data of measurements in intervals of
perforated reservoirs known to be oil-saturated (262 measurements) and
water-saturated (908 measurements), showed that the reglon of heterogoneous
interpretation results from the influence of ¢layeyness, coalyness and com-
pngt;on of traps and 1s in the range of values of 130 to 200 ms (Arbuzov,
1971).

In estimating the offectiveness of measurements in the intervals of reservoirs
not revealed by perforation (680 measurements), the character of the trap
saturation according to the pulsed neutron-neutron method was determined
unequivocally in 61 percent of the casess The reason for an equivocal inter-
pretation in 18 percent of the cases was the lithologlcal heterogeneity of
the trap, which during the time of measurement was not successfully broken
up In the part of the reservoir near the well, Analysis of the data charac-

- terizing the latter case (39 wells) showed that to obtain quality materisls
the intarval of time between the casing of a well and the measurement must
be at least 25 to 30 days.

The pulsed neutron-neutron method is alsc used to distinguish traps which
were oil-bearing earller and were later washed out by fresh pressurized
water, The high chlorine content in the combined water in an oll-bearing
reservoir, approximately equal to the chlorine content in stratal water,
permits distinguishing unperforated intervals of the reservoir that have
been washed with fresh water., The washing of sandy traps by highly mineral-
ized stratal waters can be accompanied by increase of parameter T by 10 to
15 percent, The registration of such changes is more reliable by the method
of repeated measurements, It is based on the comparison of initially mea-
sured values of T in a reservoir known to be oil-saturated with the indica-
tions of measurements after the assumed washing out with fresh water, Thus,
according to measurements by the pulsed neutron-neutron method made in 1968
in well 4681 of the Novokhazinskaya area, the upper part of the trap in

the range of 1276.8 t- 1279,5 m is characterized as oll-saturated, and the
lower as saturated with stratal water. Two years later the pulsed neutron-
neutron indlcations for that well rose not only against the earlier water-
saturated part of the reservoir but also in the interval of the oil-saturated,
which unequivocally indicates washing of the entire reservolir with fresh
water. During testing a flow of fresh water with a small oil content was
obtained from the investigated interval.

N

*The parameter T is a value inverse to the decrement of thermal neutron
damping.

144

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060014-9

FOR QFFICIAL USE ONLY

The effootiveness of the pulsed neutron.neutron mothod in reservoirs come
pletely revealed by perforation was evaluated from the data on 91 wells,
Preliminarily, to determine the dlstorting influence of saline water fill-
ing a well, ve examined 150 meagurements in oil-bearing perforated resera
voirs, the saturation of which was determined unequivocally from geological
fleld data, In most of the examined cases within the limits of the oil-
saturated trap an interval was noted that was characterized as wator-
saturated, which can be explained by the penatration of saline water from
the well into the reservoir. Ineconsidarable distortion of the trap sature
atlon according to pulsed neutren-neutron data on account of penetration
was noted only in rare cages, Of 91 oxamined wells (producing oil contain-
ing stratal water) the task of distinugishing a flooded reservoir from a
number of perforated reservoirs was solved unequivocally only for elght
’ vells. In that cage only the source of flooding was established, since the
boundaries of the flooding interval, as a rule, are distorted by the pene-
tration of galine water from the boraehole. This is the main reason for the
low effectiveness of investigations of reservoirs completely revealed by
perforation, In that case a considerable role 1s also played by long stand-
ing of the well before the measurement, the absence of rollable analyses of
the water £1l1ing the well and insufficlently high quality of the measure-
ments in isolated cases,

The results of reservolr investigations with water-oll contacts perforated
in the roof were evaluated from data of measurements in 45 wolls. Those
reservoirs are marked according to pulsed neutron-nautron data by a sharp
reduction of Indications below the interval of perforation, and therefore
a boundary which can be taken as the water-oll contact surface is not sug-
cessfully distinguished in the unperforated part of the trap. On the basis
of pulsed neutron-nautron indlcations It can be egtablished that the unper-
forated part of the reservoir near the waell in the interval from the lower
unperforated opening to the initial water-oll contact is practically come
pletely washed with saline water to a depth of at least 15-20 om from the
vall well, In the perforation interval the indications of the method are
high, and the most probable explanation of low indications in the unperfor-
ated Interval with consideration of the geological field data ls vertical
movement of the bottom water toward the low perforated openings. Analysis
of 246 measurements of the group of cases under consideration permits the
conclusion that the movement of water through the part of the reservoir near
the well with a depth of at least 15-20 cm is widespread from the well wall
on the Arlanskoye deposit during the working of traps with water-oll contact,
. This agrees with the conducted investigations of the possibility of forming

flooding cones. Only for isolated wells, according to pulsed neutron-neutron

indications, 1s it possible to distinguish the boundary of oil-gaturation

in a trap below the perforation interval., In such cases the water advances

along dislocations between the column and wall of the woll: this is accom-

panied by salination of the cement stone and can be establighed with the

use of a neutron-gamma and a pulsed neutron-neutron complex,
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During the working of reservolrs with water-oil contact, analysis of the
gaologioal fleld data usually permits establishing the cause »f [looding.

To confirm that and determine the path of water movement in the space bayond
the pipe (along dislocatlons In the cement stone or over the unperforated
part of tha reservoir near the well) in a number of cases it is advisable
to measure by the pulsed neutron method, The effectiveness of such inves-
tigations on the Arlanskoye depesit is about 60 percent for the conditions
of an astablished well,

Widely distributed for estimating the character of the saturation of traps

1s a method based on determining the lifetime of thermal neutrons(T).

The possibility of distingulshing oil-bearing and water-bearing reservoirs
by the 1ifetime of thormal neutrons results from the presence of a chloride
content in the oll and waters The dependence of T, . on the reservoir poros-
ity, the mineralization of the stratal water and the chemical composi-
tion of the skeleton of the roeck is used to calculate tha coefficient of

oll saturation from the lifetime of tha termal neutrons (T).

When there is a high and constant mineralization of stratal waters in-a small
range of varlatlon of porosity over the gection of a reservoir, the influence
of the chemical composition of the rock skeleton is insignificant and the
connection betwaen the coeffliclent of saturation and the value of T“. is

expressad by the correlation ks“ -8 - T—L , where a and b are constants
res

determined by the porosity, the mineralization of the stratal waters and

the influence of the rock skeleton,

As an example of guantitative estimation of oil saturation from the value of
T, data are presented on a well of the Arlanskoye deposit. Test well 2400,
drilled in a flooded zone on the Ashitskiy sectlon, revealed reservoir C-VI
with a thickness of 6.8 m, According to pulsed neutron-neutron logging and
induction logging the upper part of the reservoir (2.8 m) ls saturated with
oil and the lower (4 m) is flooded, On the differential curve the indica-
tions of the oil-bearing (200-355 ms) and flooded (122-200 ms) parts differ
sharply.

Current water-oil contact in that well is noted at the absolute mark of
<1169 m, and the reservoir bottom at -1173 m (the position of the initlal
water-oil contact is ~1180 m), According to data of radiometric measure-
ments (pulsed neutron-neutron logging), after drilling (August 1969) the
rosidual oil saturation of the bottom part of the reservoir in well 2400
Ashit vas 40-50 percent, which agrees with the geological field estimate
obtained by other methods.

The possibilities of using the pulsed neutron-neutron logging method at the
Arlanskoye deposit are limited because of the appearances of two flooding
sources. Raservoir C-VI 1s flooded by stratal highly mineralized waters,
and reservoir C-I1 by pumped fresh or waste waters.
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In connection with the drilling of a large number of reserve wells at a

number of deposits there also is the posaibillity of observing movement

of the water-oll contact surface through the compllation of measurements

of oll-water contacts from the data of wells drilled at different times,

Those data are very reliable and precise on all sections where the reser-

voirs have a great thickness (3 m or more) and where oil is displaced by
- stratal water,

An example can be oil pools confined to sandy deposits of the Aleksinskiy
’ horizon of the Nikolo-Berazovskaya urea.

The oil pool of the Aleksinskly horizon 1s confined to sandy deposits

v shielded by carbonate rocks. The sandy bodles represent closed reservoirs
In which water-oll pools are developed (Figures 49, 50), The initial regime
of the pools is alastic-closed and the pool is completely water-oil, The
initlal water-oll contact here has buen registered at absolute marks of
=1144,4 to.~1143,4 m. Two wells drilled in 1972 have revealed water-oil
contacts at absolute marks of #1143 and -=1139.8 m, When the position of
the water-oll contaot in the newly drilled wells is taken into considenv
atlon, and 1its initial positlion in the nearest wells, washed thicknesses
of traps in the pool of 0,6 to 4.6 m are obtalned. In that stage of devel-
opment the coefficlent of oil yléid for the pool is about 30 percent,

In the region of the Yuzhno-Nagayevskiy section & stratal vault pool of
reservolr C-VI was put in operatlion in 1962, The oll-saturated thicknesses
of the regervoir vary from 0,8 to 18 m, On the main portion of the pool
reservoir C-VI has a relatively uniform structure and great thicknesses.

Two test (1938) and six operating wells (1960-1962) revealed a water-oil
contact at absolute marks of -1178,2-1179,4 m, Well 1687, drilled in 1969
on the southwestern limb, according to electrometric data had a rise of the
water-oll contact of 11 m, and well 1670, drilled at a distance of 200 m
from the outer oll pool outline, a rise of 2,4 m, The large elevation of
the water-oil contact of well 1687 in that reglon was caused by large takings
of oil from adjacent operating wells., For well 2375, drilled in 1972 at a
distance of 300 m from the outer oil pool outline, a rise of the water-oil

. contact of 2,4 m.was noted, Thus on the described section a forcing of oil
from the pool contour is observed,

. If one takes into account the zonal development of the reservolr, the char-
acter of the flooding of wells where reservolr C-VI is perforated, the dimen-
sions of the current water-oll contact according to pulsed neutron-neutran
logging data in control wells (where reservoir C-VI is not perforated) and
the change of the water-oll contact position according to electrometric data
on wells drilled at different times, it is possible to estimate the pool
production approximately,
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It should be noted that the washed part of the reservolr, revealed by a
number of newly drilled wells, has the same resistivitles as the water-
bearing reservolrs (g = 0,5 to 1.5 ohmem), The coefficlent of displace-
ment at those resistivities is approximately 0.85 to 0.90, which agrees
well with the results of laboratory determinatioris obtained from the dis-
placement of 1iquld, performed by V. M. Berezin, For the permeability of
2.5 D of the sandstones of reservoir C-VI at the Arlanskoye deposit that
coefficient is 0,85, In an estimate by the gevivglcal field method, on
the whole for washed zones of reservoir C-VI on the described sections the
coefflclents of oll yield are 35 to 40 percent lower than with the coef-
ficlent of displacement obtained in the laboratory.

For analysis of the flooding of individual sections of the Arlanskoye de-
posit, which are in a long development, maps of the total takings of water
(in operating) and the summary pumping (in pressure wells) have been compiled
for a definite data.

With consideration of the faclal characteristics and perforation of pro-
ducing reservoirs, the uniting of one reservoir to another in the process
of operation and analysis of the change of the outputs of oil and water

in that case, with consideration of the qualitative RGD [expansion unknown]
characteristics of pressure wells, and also analysis of waters taken in
operating wells, with consideration of the character of the saturation of
producing reservoirs in reserve wells drilled at different times, and other
data, maps of the flooding of the main producing reservoirs have been con-
structed.

In zones where stratal, waste or fresh water has been introduced, several
geological sections have been distinguished on each area. On those sectlons
it has been established from RGD data in which reservoirs pumped water is
being Introduced and the balance oil reserves, The total accumulation of
oil extraction (calculated on the date the flooding map is compiled) belongs
in the balance reserves.

At the Arlanskaya area, in view of its complex geological structure, the
"sections" distingulshed in a zone of intensive flooding (within the limits
of the Novonagayevskiy-Aktanyshbashevskily sections of development) have -
different geological field characteristics: under large zones of dense
rocks developed on reservolr C-VI, in the plane lie sandy-siltstone traps

- of reservoir C-II and, consequently, the operating wells take oil only from
reservoir C-1I,

In addition, the zones of replacement of traps breaks down the pool-of
reservoir C-VI into separate sections isolated from the infiuence of the
main series of pressure wells, and they are in different conditlons with

respect to the effect of pumped water and the contour water of reservoir
C-VI. 1In reservoir C-VI, according to our data, there are slightly flooded
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sections. There are two sources of flooding of wells on the given sectlons:
the bottom and extra-butline waters of regervoir C-VI and the waters of

o1l field flows pumped into all the producing reservoirs, The obtained
values of the current coefficlents of oil yleld vary on the distinguished
geologlcal sections of the Arlanskaya area by 3,7 times, on the Novokha-
tinskaya area by 2,6 times, on the Nikolo-Berezovskaya by 5 times, etc,

Acoording to Indirect data obtained as a result of the conducted investiga.
tions, a higher production of reservoirs is obgserved where they are devel-
v oped separately,

When there is comblined perforation of the producing reservoirs and a differ-
ent effect on them (displacement by contour, bottom and pumped waters), the

v lowar thin reservoirs, as a rule, have & higher percentage of flooding with
less production (the Aktanyshbashevskiy section),

Thus on different sections of the Arlanskoye multireservoir oil depos it,

which are in different geological and technolggical conditions (ma intenance
of pressure and method of operation), change of the coefficients of oil

yield by a factor of 5 s obgerved.

The conducted analysis of flooding and the obtained valuas of the current
coefficlents of oll yleld (although the latter also are approximste) permit
recommending lmprovement of the flooding system and the application of various
technological measures,
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